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Summary 

With regard to the toxic effects of  Ricinus lectin, neuraminidase-treated 
hepatoma cells have been found to be the most  sensitive, and untreated 
hepatoma cells the least. Cells t reated with neuraminidase and galactose oxidase 
exhibited an intermediate sensitivity. 

At  37°C, the number  of  Ricinus lectin molecules bound to untreated,  neura- 
minidase-treated and neuraminidase and galactose oxidase-treated cells required 
to bring about  30% toxicity within 2 h was 15 • 105, 7.5 • 10 s and 11.5 • 10 s 
molecules/cell, respectively. This difference was rather small and suggests that  
the additional binding sites exposed following enzyme t rea tment  were as effi- 
cient in mediating lectin toxicity as those present before enzyme treatment .  
Positive cooperativity was observed during Ricinus lectin binding to enzyme- 
treated cells at 37°C and the apparent association constant  increased with the 
increase of  binding site occupancy.  

The binding sites on enzyme-treated cells appeared to be homogeneous since 
under  different  physical conditions (4°C) the shape of  the Scatchard plot could 
be altered in such a way as to produce a single line of  slope. In contrast  to 
enzyme-treated cells, untreated cells did not  exhibit a positive cooperative 
process either at 37°C or at 4°C. 

We found that  the toxicity of  Ricinus lectin paralleled the irreversible 
specific binding of  lectin, suggesting that  only this was able to mediate the 
toxic effect.  

Our results are discussed in terms of the possible entry into the cells o2 
Ricinus lectin and this occurs more rapidly in enzyme-treated than in untreated 
cells. This difference agrees with the sequence of  events proposed: (i) Binding 
of  Ricinus lectin; (ii) Clustering of  lectin binding sites; and (iii) Endocytosis.  
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Introduction 

Certain lectins are extremely toxic to animals and can kill animal cells grown 
in vitro [1--3]. One of the more toxic lectins is ricin from Ricinus communis 
seeds (Mr 60 000), which is more potent on tumour than on normal cells and 
could thus be a strong anti-tumour agent [4]. It has also been found to provide 
some therapeutic protection against Ehrlich ascites tumour [5]. The anti- 
tumour effect of ricin is attributable to its powerful inhibitory action on pro- 
tein synthesis [6--10]. R. communis seeds contain another lectin (Mr 120 000), 
which, although to a lesser extent than Ricin, also exhibits a toxic effect, 
mainly on tumour cells [11]. Saltvedt [12] has reported that the toxicity of 
Ricinus lectin is not related to any contamination by ricin. Although few 
studies have concentrated on the toxicity of Ricinus lectin, it has been 
observed that, like ricin and abrin [10], Ricinus lectin is involved in an inter- 
action with ribosomes in acellular systems and inhibits cell protein synthesis. 

In the  present paper, we report our investigations into the sensitivity of 
tumour cells (Zajdela ascites hepatoma cells) to the toxicity of Ricinus lectin 
as related by the interactions of Ricinus lectin before and after modification of 
cell surfaces by specific enzymes. This was done in order to establish whether 
the binding sites, either unmasked or modified, could be involved in mediating 
the toxic effect. 

Materi~Is and Methods 

Cells. Ascites hepatoma, initially induced by dimethylaminobenzene in 
Wistar rats, was obtained from Dr. Zajdela (Facult~ des Sciences, Orsay). These 
hepatoma cells were obtained 7 days after intraperitoneal injection of 
7<lay~Id tumour cells (0.25 ml containing 2.5.107 cells) into 250 g rats 
(Charles Rivers, France). The turnout-bearing animals were killed by cervical 
dislocation and the tumour cell suspension was harvested and washed four 
times with Eagle's culture medium. 

Lectin. R. communis was purified by the procedure of Nicolson and Blau- 
stein [13] and solutions of Ricinus lectin (Mr 120 000) Were prepared at con- 
centrations of 100/~g/ml in 0.15 M NaCl. Ricinus lectin was homogeneous and 
devoid of contamination by ricin as determined by polyacrylamide gel electro- 
phoresis, analytical centrifugation and by the constancy of the specific toxicity 
during its purification by gel filtration. 

Labelling o f  Ricinus leetin. Radioactive labelling of the lectin was carried out 
according to the method of Miller and Great [14] using [ 3H]acetic anhydride 
(2 Ci/mmol, C.E.A., Saclay, France). Labelled lectin was purified by gel filtra- 
tion on Sephadex G-25, the eluting buffer being 0.005 M NaHCO3/0.15 M 
NaC1, pH 7 (buffer A). 

The specifi c activity of Ricinus lectin was 4 • 106 dpm/mg. The labelled 
lectin behaved exactly like native lectin in the erythro-agglutination test. 
Labelled Ricinus lectin solution was prepared at a final concentration of 
500 pg/ml in buffer A. 

Binding studies. The binding experiments were performed as previously 
described [15]. The specific binding of the lectin was established as the differ- 
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ence between the quantities of lectin bound in the presence and in the absence 
of 0.1 M D-galactose. Experimental values were plotted according to the 
method of Scatchard [16], taking into account the molecular weight of the 
lectin (120 000). 

Enzyme-treatments o f  cells. Neuraminidase treatment and galactose-oxidase 
treatment of hepatoma cells were performed as previously described [15]. The 
sialic acid content of the supernatant was determined by Warren's method 
[17]. This treatment released into the supernatant 75 p~ of sialic acid/108 cells. 
The cell pellet was washed twice with buffer A and finally resuspended either 
in buffer A for the binding assay or in Eagle's medium for the toxicity experi- 
ments. Vibrio cholerae neuraminidase (Behringwerke, 500 u n i t s / m l ) a n d  
Polyporus circinatus galactose oxidase (Sigma Chemical Co., U.S.A., 425 units/ 
8 mg) were devoid of protease activity as determined by the azocoll test [18]. 
95% of the enzyme-treated cells were viable as estimated by the trypan blue 
exclusion test. 

Sodium borohydride treatment o f  cells. Neuraminidase and galactose 
oxidase-treated cells were incubated with sodium borohydride as previously 
described [19]. The cells were then washed and resuspended as described 
above. 90--95% of the cells were viable. 

Cultures. The hepatoma cells were cultured as previously described [15]: 
Ricinus lectin was added to cell suspensions at final concentrations ranging 
from 0.4 to 40 pg/10 ~ cells. A sample of the cell suspension was counted in a 
hemocytometer.  Cell viability was tested by trypan blue dye exclusion. 
Cytolysis was investigated using inverted microscopic examination. 

Assay method for the toxic effect o f  Ricinus lectin. The toxic effect of 
Ricinus lectin on protein synthesis was estimated by the incorporation of [3H]- 
leucine [6--10]. 

The cells were pulsed for 1 h with 3 /~Ci/dish of [3H]leucine (specific activ- 
ity 58 Ci/mmol, Radiochemical Centre, Amersham). The  incoporation of 
radioactivity into the cells was assayed a~ter cell lectin incubation of various 
time intervals. 

The cells were washed twice with 0.15 M NaCI and left overnight suspended 
in 2 ml 10% trichloroacetic acid. The precipitate was washed twice with 5% 
trichloroacetic acid and counted for radioactivity. 

In order to test the specificity of the lectin toxicity by using its specific 
inhibitor, Ricinus lectin (3 pg/ml) was incubated with D-galactose (0.1 M final 
concentration) for 15 rain at 20°C before being added to the cells. 

Results 

Quantitative interaction of  Ricinus lectin with untreated and enzyme-treated 
hepatoma cells 

At 37°C, the untreated and enzyme-treated cells rapidly bound the lectin to 
plateau values within 15 min. 

Two types of binding curves could be distinguished for untreated and 
enzyme-treated cells; a hyperbola, which characterized the binding of lectin to 
untreated cells, and a sigmoid curve which characterized the binding of Ricinus 
lectin to enzyme-treated cells (Fig. 1). Neurarninidase-treated and neuramini- 
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Fig. 1. B i n d i n g  a t  3 7 ° C  o f  R i c i n u s  l e c t i n  o n  u n t r e a t e d  a n d  e n z y m e - t r e a t e d  cells.  T h e  d a t a  w e r e  p l o t t e d  
a c c o r d i n g  t o  t h e  m e t h o d  o f  S c a t c h a r d :  t o p ,  s a t u r a t i o n  cu rves  f o r  R i c i n u s  l e c t i n  b i n d i n g  t o  h e p a t o m a  cells.  
E a c h  p o i n t  gives t h e  r a n g e  o f  va lues  o b t a i n e d  f r o m  f o u r  s e p a r a t e  e x p e r i m e n t s .  Abc i s sa ,  /~g o f  a d d e d  
Ric inus  l e c t i n ,  o r d i n a t e ,  /~g o f  b o u n d  R i c i n u s  l e c t i n / 1 0 6  cells;  b o t t o m ,  S c a t c h a r d  p lo t s .  B r e p r e s e n t s  t he  
a m o u n t  ( p g / 1 0 6  cells)  o f  l e c t i n  b o u n d  a n d  F r e p r e s e n t s  t h e  a m o u n t  Lug/106  cells) o f  f ree  l ec t in .  Abc i s sa ,  
B,  o r d i n a t e ,  B / F .  A, u n t r e a t e d  cells (e  e ) i  B, n e u r a m i n i d a s e - t r e a t e d  cells  (o o) ;  a n d  C, 
n e u r a m i n i d a s e  a n d  g a l a c t o s e  o x i d a s e - t r e a t e d  cells  (~ ~). 

dase and galactose oxidase-treated cells bound more labelled Ricinus lectin than 
did the untreated cells (Table I). The untreated cells gave linear Scatchard 
plots, whilst the enzyme-treated cells gave a bell-shaped curvilinear line. Posi- 
tive cooperativi ty (convex downward)  was seen at low concentrations of  lectin 

T A B L E  I 

A S S O C I A T I O N  C O N S T A N T  A N D  B I N D I N G  SITE N U M B E R  O F  R I C I N U S  L E C T I N  A T  4 ° C  A N D  3 7 ° C  
IN U N T R E A T E D  A N D  E N Z Y M E - T R E A T E D  C E L L S  

E a c h  P o i n t  gives t h e  r a n g e  o f  va lues  o b t a i n e d  f r o m  f o u r  s e p a r a t e  e x p e r i m e n t s  a n d  t h e  s t a n d a r d  e r r o r  d o e s  
n o t  e x c e e d  10%.  n . t . ,  n o t  t e s t ed .  

T r e a t m e n t  A m o u n t  o f  b o u n d  N u m b e r  o f  b i n d i n g  
l e c t i n  a t  s a t u r a t i o n  s i tes  (N X 107 /ce l l s )  
(/~g X I 0  6 cells)  

4 ° C  3 7 ° C  

A s s o c i a t i o n  c o n s t a n t  
(K a ) ( M  -1 X 106  ) 

4 ° C  3 7 ° C  4 ° C  3 7 ° C  

No e n z y m e  u s e d  2 
N e u r a m i n i d a s e  7 .9  
N e t t r a m l n i d a s e  + 3 .8  

g a l a c t o s e  o x l d a s e  
N e u r a m i n i d a s e  a n d  7 .9  

g a l a e t o s e  o x t d a s e  + 

s o d i u m  b o r o h y d r i d e  

0 .7  1 0 . 3 5  0 . 5 6  1 . 4 4  
1 1 . 5  4 5 .8  0 . 5 6  2 .4  

9 . 8  1 .9  4 .9  0 . 5 6  4 .5  

n . t .  4 n . t .  0 . 5 6  n . t .  
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(Fig. 1). Neuraminidase-treated and neuraminidase and galactose oxidase- 
treated cells had 16 and 14 times more binding sites than untreated cells. The 
apparent association constant estimated at saturation was 1.7 and 3 times 
higher in neuraminidase-treated and neuraminidase and galactose oxidase- 
treated cells, respectively, than in untreated cells (Table I). 

We used the direct kinetic method according to De Meyts and Roth [20] to 
demonstrate the site-site interactions of the positive cooperative process during 
the Ricinus lectin binding to enzyme-treated cells. When all sites were empty, 
the Ka was 0.5 • 106 M -1 in both neuraminidase-treated and neuraminidase and 
galactose oxidase-treated cells. When all sites were occupied, the Ka was 2.6 and 
5 • 106 M -1 in neuraminidase treated and neuraminidase and galactose oxidase- 
treated cells, respectively. This showed that the affinity increased 5.2- and 10- 
fold, respectively, with the increased binding site occupancy. 

When the Ricinus lectin binding to untreated and enzyme-treated cells was 
investigated at 4°C, the temperature which is generally used for this type of 
study, enzyme-treated and untreated cells gave hyperbolic curves of saturation 
and linear Scatchard plots. After galactose oxidase treatment, the subsequent 
reduction of galactosyl residues with sodium borohydride induced an increase 
of Ricinus lectin binding sites to the level noted in neuraminidase-treated cells 
{Table I). 

Effect  o f  Ricinu8 lectin on [3H]leucine incorporation in untreated and enzyme- 
treated hepatoma cells 

1. Dose response (Fig. 2). After 2 h, the lectin at a final concentration of 
0.5 pg/ml, caused a marked inhibition (36%) of the [3H]leucine incorporation 
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Fig.  2.  D o s e - r e s p o n s e  o f  Ric inus  l e c t i n  e f f e c t  as  e s t i m a t e d  b y  the inhib i t ion  o f  [ 3 H ] l e u c i n e  i n c o r p o r a t i o n  
at 37°C in untreated and enzyme- trea ted  cel ls  a f t e r  a 2 h c t t l t u re  p e r i o d .  E a c h  p o i n t  gives the range of  
va lues  o b t a i n e d  f r o m  f o u r  s e p a r a t e  e x p e r i m e n t s .  Abc i s sa ,  # g  o f  Ric inus  l e c t i n / m l ;  o r d i n a t e ,  % i n h i b i t i o n  
as  c o m p a r e d  t o  t h e  c o n t r o l  c u l t u r e d  in  the  absence  o f  Ric inus  l ec t in .  • ~, u n t r e a t e d  cells;  o o ,  
nevLraminidase-treated cel ls ;  ~ ~, nettraminidase and galactose oxidase-treated cells. The  i n c o r p o r a -  
t i o n  o f  [ 3 H ] l e u c i n e  in c p m / 1 0 6  cells  w a s  2 6 8 9  ± 2 1 7 ,  2 4 1 5 +  2 5 3  a n d  2 0 1 3  ~ 1 4  f o r  untreated,  
neuraminidase-treated and neuraminidase  and galactose oxidase- treated cells,  respect ive ly .  
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in neumminidase-treated cells, whilst in untreated cells this inhibition was slight 
(7%). 'In cells treated with galactose oxidase following neuraminidase treat- 
ment, Ricinus lectin had an intermediate toxic effect (25%). An increase in the 
lectin concentration brought about an increase of the Ricinus lectin toxic 
effect to plateau levels of 50%, 40% and 30% in neuraminidase-treated, 
neuraminidase and galactose oxidase-treated and untreated cells, respectively, 
for a final lectin concentration of 3 pg/ml. 

2. Time-course (Table II). After 1 h of culture, [3H]leucine incorporation 
was not altered by Ricinus lectin (3 pg/ml) in untreated cells, whereas in 
neumminidase-treated cells a significant and marked inhibition of 44% was 
noted. This inhibition was only 23% in neuraminidase and galactose oxidase- 
treated cells. 

After 2 h of culture, the inhibition of [3H]leucine incorporation reached 
62%, 44% and 37% in neuraminidase-treated, neuraminidase and galactose 
oxidase-treated and untreated cells, respectively. 

After 3 h of culture, Ricinus lectin almost totally inhibited the [3H]leucine 
incorporation (92%) in enzyme-treated cells, but inhibition was only 66% in 
untreated cells. 

Finally, after 4 h of culture, no significant difference was noted in untreated 
and enzyme-treated cells since Ricinus lectin almost totally inhibited (82--96%) 
the [3H]leucine incorporation. 

No cytolysis was observed in the presence of Ricinus lectin in either the 
untreated or the enzyme-treated cells at any time during the experiment. In 
addition, Ricinus lectin had no effect on the number of cells stained with 
trypan blue as compared with controls incubated without lectin. In all cases, 
cell death was approximately 5--10%. Thus, Ricinus lectin did not kill the 
hepatoma cells. It is important to note that in the absence of lectin, enzyme 
treatment did not in itself alter the [3H]leucine incorporation as compared to 
untreated cells. 

In order to test the specificity of its toxic effect, Ricinus lectin was pre- 
incubated with 0.1 M D-galactose before being added to the cell cultures. These 
experiments were run after 2 h of culture, since it was only after 2 h that 
untreated cells began to be sensitive to the Ricinus lectin toxicity. Under these 
conditions, the lectin effect was reduced by 96, 80 and 88% in untreated, 
neuraminidase-treated and neuraminidase and galactose oxidase-treated cells, 
respectively. These results showed that the Ricinus lectin toxicity on hepatoma 
cells was specific. 

Release o f  bound labelled Ricinus lectin and consequences o f  its toxic effect  
In an attempt to investigate the minimum time of lectin-binding to obtain a 

toxic effect, the hepatoma cells were incubated in the presence of labelled 
Ricinus lectin (3 pg/ml) at 37°C for various lengths of time. At the end of each 
incubation time, the cells were washed with Eagle's medium containing 
D~galactose (0.1 M final concentration) for 15 rain at 20°C. The amount of 
Ricinus lectin remaining bound to the cells and its toxic effect were investi- 
gated at various times (Fig. 3). 

1. A m o u n t  o f  remaining bound labelled Ricinus lectin. For specifically- 
bound lectin, 100% was released from untreated cells after 15 and 30 rain of 
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Fig.  3.  K i n e t i c s  o f  t h e  i r revers ib le  spec i f i c  b i n d i n g  o f  Ric inus  l e c t i n  (3 # g / m l )  a t  3 7 ° C  f r o m  u n t r e a t e d  a n d  
e n z y m e - t r e a t e d  cells  a n d  s u b s e q u e n t  t o x i c  e f fec t .  • - ' ,  spec i f ic  i r revers ib le  b i n d i n g  o f  R i c i n u s  l e c t i n  
e x p r e s s e d  as a p e r c e n t a g e ;  

# g  o f  b o u n d  l e c t i n  f o l l o w i n g  D - g a t s c t o s e  w a s h i n g  - -  # g  n o n s p e c i f l c a l l y  b o u n d  
× 1 0 0  

# g  t o t a l  b o u n d  - -  # g  n o n s p e c i f i e a l l y  b o u n d  l e c t i n  

A m o u n t  o f  l e c t i n  r e m a i n i n g  b o u n d  f o l l o w i n g  D - g a l a c t o s e  w a s h i n g  is d e t e r m i n e d  as d e s c r i b e d  in  Resu l t s .  
T o t a l  b i n d i n g  a n d  n o n s p e c i f i c  b i n d i n g  axe d e t e r m i n e d  as  d e s c r i b e d  in  Mate r ia l s  a n d  M e t h o d s .  o . . . . . .  o 
i n h i b i t i o n  o f  [ 3 H ] l e u c i n e  i n c o r p o r a t i o n .  T h e  cells  we re  i n c u b a t e d  w i t h  Ric inus  l e c t i n  (3 # g / m l )  a t  3 7 ° C  
f o r  d i f f e r e n t  p e r i o d s  o f  t i m e  (30 ,  6 0  a n d  1 2 0  min ) .  A t  t h e  e n d  o f  e a c h  i n c u b a t i o n ,  t h e  cells  we re  incu-  
b a t e d  w i t h  D-ga l ac to se  (0 .1  M) f o r  1 5  m i n  a t  2 0 ° C ,  w a s h e d ,  a n d  t h e n  [ 3 H ] i e u c i n e  w a s  a d d e d .  A f t e r  a 
6 0  m i n  g r e a t e r  i n c o r p o r a t i o n  p e r i o d ,  t h e  a m o u n t  o f  [ 3 H ] l e u c i n e  i n c o r p o r a t i o n  i n t o  p r o t e i n  was  e s t i m a t e d  
(90 ,  1 2 0  a n d  1 8 0  m i n ) .  T h e  va lues  a re  e x p r e s s e d  as p e r c e n t a g e  o f  i n h i b i t i o n  as c o m p a r e d  t o  t he  c o n t r o l s  
w i t h o u t  l ec t in .  E a c h  va lue  is t h e  ave rage  o b t a i n e d  f r o m  f o u r  ( b i n d i n g  s tud i e s )  a n d  t w o  s e p a r a t e  exper i -  
m e n t s  ( t o x i c i t y  s tud ies ) .  Abc i s sa ,  t i m e  (h) .  O r d i n a t e  ( t o p ) ,  p e r c e n t a g e  o f  spec i f i c  i r revers ib le  b o u n d  
R i c i n u s  i e c t i n ;  ( b o t t o m ) ,  [ 3 H ] l e u c i n e  i n c o r p o r a t i o n  ( p e r c e n t  c o n t r o l ) .  (A)  u n t r e a t e d  cells;  (B)  n e u r a m i n i -  
d a s e - t r e a t e d  cells;  (C)  n e u r a m i n i d a s e  a n d  g a l a c t o s e  o x i d a s e - t r e a t e d  ceils.  

binding time, whereas, after 15 min, only 90% was released from enzyme- 
treated cells. Again, after longer binding times, progressively less Ricinus lectin 
was removable by D-galactose. 

2. Toxic effect o f  remaining bound Ricinus lectin. After 30 min contact with 
cells, Ricinus lectin caused no inhibition of [~H]leucine incorporation in 
untreated cells. However, in neuraminidase-treated and neuraminidase and 
galactose oxidase-treated cells, there was marked inhibition (58 and 43%, 
respectively). After 60 min contact, Ricinus lectin brought about 39% inhibi- 
tion in untreated cells and 64 and 57% in neuraminidase-treated and neuramini- 
dase and galactose oxidase-treated cells. After 120 min contact, the reaction 
was similar in untreated (81%) and enzyme-treated cells (91--95%). 
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Discussion 

The toxici ty of  Ricinus lectin to hepatoma cells was found to vary with the 
cell-surface alterations. Neuraminidase-treated cells appeared to be the most  
sensitive to the toxic effect  of  Ricinus lectin, as estimated by  [3H]leucine 
incorporation,  and untreated cells the last sensitive. Neuraminidase and 
galactose oxidase-treated cells exhibited an intermediate sensitivity to Ricinus 
lectin toxici ty.  

A direct quantitative correlation between the number  of  lectin-binding sites 
occupied and the effects of  lectin has been proposed [3].  Although the binding 
between 0 and 4°C is considered a measure of  the true number  of  lectin-binding 
sites on the cell surface [21],  the increase of  this number  noted  at 4QC follow- 
ing enzyme t reatment  of the cells cannot  be directly related to the increased 
cell sensitivity to Ricinus lectin toxici ty measured at 37°C. This is because the 
characteristics of  Ricinus lectin binding are significantly modified with the 
increase in temperature up to 37°C. However,  it is important  to note  that  at 
4°C the differences in the numbers of  Ricinus lectin binding sites on untreated 
and enzyme-treated cells coincided with the specificity of  Ricinus lectin for 
intact galactosyl residues [13] and with the location of  these residues in the 
cell-surface glycoproteins [22--23].  The change of  the binding characteristics 
of  Ricinus lectin at  37°C following enzyme treatments can be directly related 
to the increased level o f  hepatoma cell sensitivity to Ricinus lectin toxici ty since 
the number  of  bound  Ricinus lectin molecules required to cause a 30% toxici ty 
within 2 h was no t  significantly different in untreated and enzyme-treated cells. 
As can be seen in Fig. 2; 0.5, 1 and 3 pg of  Ricinus lectin/ml were needed to 
bring about  a 30% toxici ty in neuraminidase-treated, neuraminidase and 
galactose oxidase-treated and untreated cells, respectively. Taking into account  
the data given by  saturation curves (Fig. 1), it was observed that  7.5 • l 0  s and 
11.5 • l 0  s molecules/cell were bound  to neuraminidase-treated and neuramini- 
dase and galactose oxidase-treated cells, respectively, whilst 15 • 10 s molecules/ 
cell were bound to untreated cells. It  therefore appeared that the additional 
binding sites exposed following neuraminidase t reatment  would be as efficient 
in mediating lectin toxici ty as the binding sites present before the neuramini- 
dase treatment.  After  galactose oxidase t rea tment  of  hepatoma cells, the binding 
sites were also as efficient in mediating lectin toxici ty as those present on 
untreated cells, and those on neuraminidase-treated cells. Similarly, the binding 
sites for ricin exposed after neuraminidase t reatment  of  BHK 21 and HeLa cells 
[24--25] and those present before enzyme treatment  would appear to be 
equally efficient since the number  of  cell-bound ricin molecules required to 
bring abou t  an equal level of  toxici ty  in these cells was similar before and after 
neuraminidase treatment.  

If  there were one or more independent  sets of  lectin binding sites on the 
cells, and all sites of  each set had the same intrinsic affinity for lectin in the 
absence of  cooperativity,  the Scatchard relationship should apply. However,  in 
the presence of  the positive cooperativi ty process in enzyme-treated hepatoma 
cells, as suggested by the bell-shaped curves, the measurement  of  the associa- 
t ion constant  could only be an approximate approach. Analysis of  the DeMeyts  
and Roth  [20] plots showed that  the affinity average would support  a positive 
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cooperative process in the enzyme-treated cells. Cooperativity is not solely a 
function of the multivalence of the lectin. It is also dependent on the proper- 
ties of the cells to which it binds [26--28]. In binding phenomena, positive 
cooperativity implies that the binding constant of the ligand-receptor associa- 
tion increases as the extent of occupancy of receptor sites increases [29]. Our 
results showed that when the Ricinus lectin binding sites were empty, a limiting 
affinity K--~ was obtained (0.5 • 106 M'I), whereas when the sites were filled, a 
higher affinity K~ was reached (2.6 • 106 M-* for neuraminidase-treated cells 
and 5 .  l0  s M -1 for neuraminidase and galactose oxidase-treated cells). This 
suggests that, during the positive cooperative process in the enzyme-treated 
cells, the apparent affinity constant increased with binding site occupancy. 
Moreover, our results strongly suggest that the binding sites were homogeneous, 
since under different physical conditions (4°C), the slope of the Scatchard plot 
could be altered in such a way as to reach a single line of slope for enzyme- 
treated cells. 

The qualitative changes in the lectin binding following enzyme treatment 
may be attributable to either conformational changes in membrane compo- 
nents, their redistribution within the membrane as facilitated by the fluid 
character of the latter [30,31], or site-site interaction such as clustering. The 
clustering process affects the mode of lectin binding in a way which increases 
the binding constant and results in the observed cooperativity [32]. The crucial 
step in the formation of the cluster was the first cross-linking of the binding 
sites which was allowed by the multivalence of Ricinus lectin under our experi- 
mental conditions (37°C). 

Noonan and Burger [21] have proposed that the lectin binding at higher 
temperatures than 0--4°C was the result of nonspecific interaction and endo- 
cytosis. We demonstrated that at 37°C, the nonspeclfic binding of Ricinus 
lectin to hepatoma cells was not in itself able to cause the toxic effect. The 
nonspecific binding was observed without the subsequent toxic effect and 
remained unchanged from 15 min to 4 h. In contrast, we observed that the toxic 
effect of Ricinus lectin paralleled the specific binding of the lectin, the toxic 
effect increasing with the increase in the amount of specific binding. Nicolson 
[32] noted a similar parallel using ricin and 3T3 cells. 

Endocytosis of the lectin therefore seemed to be the more probable explana- 
tion, as has been found for ricin and abrin [10,25,32--33]. Our results suggest 
that the amount of Ricinus lectin needed to cause toxicity could enter enzyme- 
treated cells more rapidly than untreated cells. This difference agrees with the 
notion of possible clustering of the Ricinus lectin binding sites which would 
occur during the positive cooperative process of lectin binding to enzyme- 
treated cells, since it has been shown that lectins such as concanavalin A [34] 
and ricin [32] enter the cells by endocytotic vesicles only after clustering or 
patching of the binding sites. 
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