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The binding of high specific activity, radioactive Concanavalin A to 
cultured normal human fibroblasts was investigated. We report the presence 
of two classes of Concanavalin A binding sites on the plasma membranes of 
these cells. These classes of binding sites are distinguished by their 
affinities for the lectin. Scatchard analysis of the binding data indicates 
the presence of a class of high affinity sites which are saturated at about 
0.25 ug/ml of Concanavalin A. The other, lower affinity binding sites are 
not saturated until 50-100 ug/ml Concanavalin A levels are achieved. At 
4'C the K, for the high affinity sites varies between 1.5 - 5 x lo9 M-l 
depending on the method used to label the Concanavalin A. For the lower 
affinity sites Ka varies between 1 - 4 x lo6 ~-1. 
high affinity sites per cell is 8 x lo5 

The average number of 
representing less than 1% of the total 

receptor sites for the lectin. 

INTRODUCTION 

A number of different plant lectins have been shown to bind with a 

high specificity to glycoproteins or glycolipids of the cell surface (l-5). 

Very low concentrations of several of these lectins have been shown to 

agglutinate transformed and protease treated normal cells, whereas agglutination 

of the normal parental cell generally requires higher concentrations of lectin 

(6,7). Because transformed fibroblasts are more readily agglutinated by 

Con A'than the corresponding untransformed cells, there have been extensive 

studies of the differences in the number, distribution, and mobility of Con A 

receptors on the surfaces of normal and transformed cells grown in culture. 

The increase in agglutinability shown by transformed vs. normal cells does not 

appear to reflect a difference in the total number of binding receptors in the 

cell surface membrane (7,8). Nicolson (9) has obtained data suggesting that 

this differential agglutinability may be explained by a difference in the 

mobility of membrane lectin receptors. 

Since agglutination and other biological effects induced by lectins 

such as Con A are expressed at very low occupancy of sites (lo), it 

is apparent that the ability of lectins to initiate these biological 

effects, by whatever mechanism, results from interaction with only 

a small percentage of the total number of binding sites for the lectins 

(11,lZ). This suggested to us that there might be a small subpopulation 

of Con A receptors specifically involved in various biological 
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responses to the lectin. Sn the present study we have examined the binding of 

the jack bean lectin Con A to normal human fibroblasts with special emphasis on 

very low lectin concentrations and have found a class of high affinity, low 

capacity receptors on the surface membrane of these cells. The functional 

role of these high affinity receptors in agglutination or mitogenesis remains 

to be determined. 

MATERIALS AND METHODS 

Chemicals 

Na i. 
125 ~1 was obtained from New England Nuclear. [63Ni] was obtained 

from Amersham Searle. Lactoperoxidase was purchased from Sigma. u-methyl- 
D-mannopyranoside was purchased from P.L. Biochemicals. 

Concanavalin A 

Con A was prepared from jack bean meal (Pfaltz & Bauer, Flushing, NY) by 
the method of Agrawal and Goldstein (13). It was stored as a lyophilized powder 
at 4OC for up to four months, during which time there was no decrease in 
activity as determined by polysaccharide precipitation (14). 

[lz51]Con A with a specific activity of 2 - 3 x lo4 cprnlpg protein was 
prepared by the lactoperoxidase method (15). 
activity of 2 x lo4 

[63Ni]Con A with a specific 

(16). Both the I125 
cpm/ng protein was prepared as described by Koenig, et al. 
I]- and [63Ni]-labeled Con A were repurified from the 

reaction mixture by affinity chromatography on Sephadex G-50 equilibrated with 
NaCl-P buffer.' The column was washed with 100 ml of the same buffer and the 
bound Con A was selectively eluted with 0.1 M a-methyl-D-mannopyranoside. The 
eluted material was dialyzed for two days at 4'C against large volumes of 
NaCl-P buffer. SDS3 polyacrylamide gel electrophoresis revealed no difference 
between the labeled and native Con A preparations. 13H-acetyl] Con A with a 
specific activity of 5.1 Ci/mmole was obtained from New England Nuclear. 

Cells 

Normal human fibroblasts were obtained from the Institute for Medical 
Research, Camden, NJ. Cells were grown in monolayer and maintained in a 
humidified atmosphere at 37“C 5% CO,-95% air. The culture medium contained 
Eagle's minimum essential medium (Gibco Cat// F-11) supplemented with 
penicillin-streptomycin, 100 units/ml, 200 mM Tricine chloride pH 7.4, 24 mM 
NaHCO 3 , 1% (V/V)non-essential amino acids and 10% (V/V) fetal calf serum 
The cells were routinely checked for mycoplasma contamination by standard 
techniques (17) and were used between the 5th and 20th generations. 

Binding of Labeled Concanavalin A to Cells 

Cells grown to confluency in Falcon plastic tissue culture dishes 
(60 mm diameter) were removed from the incubator and placed at 4'C for 5 
minutes. Each culture dish was then washed twice with cold NaCf-P buffer and 
incubated for 1 hour at 4OC in 2 ml of the same buffer containing Con A at 
the indicated concentrations. After the 1 hour incubation, the cells were 
washed 5 times with cold NaCl-P buffer and dissolved in 1 ml of 0.1 N NaOH 
at room temperature. It has previously been determined (data not shown) 
that 3 washes were sufficient to remove all unbound Con A. Aliquots of the 
0.1 N NaOH solubilized cells were counted to determine the amount of Con A 
which had remained bound to the cells. A second aliquot was removed for 
protein determinations which were done according to the method of Lowry, 
et d. (18). In the absence of cells no counts were bound to the plate. 

'Con A (Concanavalin A); 'NaCl-P buffer (2.6 mM KCl, 1.46 mM KH,PO,, 136 mM NaCl 
and 8 mM Na,HPO,'?H,O pH 7.4); 3SDS (Sodium Dodecyl Sulfate) 
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Fig. 1. Binding of [63Ni]Con A to normal human fibroblasts as a function of 
lectin concentration. Confluent cells were incubated with various concentrations 
of lectin and the amount of bound Con A was measured as described in Materials 
and Methods. 

Binding of Con A to the cells was analyzed according to the method of 
Scatchard (19). The amount of Con A bound to the cells (B) was plotted on 
the abscissa as nmoles ofConA per liter and the ratio of bound to 
free Con A (B/F) was plotted on the ordinate, where free Con A is expressed as 
nmoles per liter. Highandlaaffinity association constants were calculated 
from the negative slopes of the lines obtained, and the number of binding 
sites were determined by extrapolation of the lines to the intercept with 
the abscissa (20). There are 2 x 103 cells/pg cell protein. 

Dissociation of [ 125 I]Concanavalin A-Cell Complex by a-Methyl-D-Mannopyranoside 

]125 Normal Human Fibroblasts were incubated with either 50 or 0.1 pgfml 
I]Con A for 1 hour at 4'C. After this incubation period the cells were 

washed 4 times to remove unbound Con A. Dissociation of [12SI]Con A from its 
specific receptors was determined after 10 mM cr-methyl-D-mannopyranoside was 
added for various periods of continuous incubation at 37'C. Dissociated 
[1251]Con A was removed and acid precipitated using 10% trichloroacetic acid. 

Measurements of protein concentrations and [1251]Con A remaining bound to 
the cells were determined as described for the binding experiments. 

RESULTS AND DISCUSSION 

The binding of [63Ni]Con A to normal human fibroblasts as a function of 

lectin concentration is shown in Figure 1. The inset shows the binding 

at concentrations of Con A less than 1 ug/ml. For values above 1 Fig/ml, 

similar results have been obtained by other investigators (7,8). Under the 

conditions used for this binding study, it has been shown that Con A exists 

mainly as a dimer of molecular weight of 55,000 (21). I f  our data are 

analyzed according to the method of Scatchard (19) as shown in Figure 2, two 

classes of binding sites are observed. One class of binding sites with an 

apparent K, of 1.1 x 106 M-l is seen and this is in agreement with the binding 
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Fig. 2. Scatchard plots of binding of [ 63 NilCon A to human ffbroblasts. B is 
expressed as nmoles of [ 1251]Con A bound per liter. Each data point represents 
the average of three spearate experiments. Each culture dish contained 314 + 5 pg 
of protein. Lines were fit by the method of least squares analysis. 

constants previously determined by others (22). However, a second class of 

binding sites with a significantly higher affinity appears when binding is 

measured at lectin concentrations less than 1 ug/ml. From the intercept of 

the line representing the high affinity binding site with the abscissa, we 

have calculated the number of high affinity sites per cell to be 8 x 105. 

These sites are saturated at a Con A concentration of 0.25 Pgjml. The 

intercept of the line representing the low affinity sites with the abscissa 

yeilds a value of 3.0 x 108 low affinity sites per cell. The high affinity 

sites, therefore, represent about 0.3% of the total Con A binding sites. 

If  the total number of Con A binding sites per cell is calculated from the 

binding curve of Figure 1, a value of 2.8 x lOa sites is obtained, in good 

agreement with the data obtained from the Scatchard analysis. 

We were concerned with the possibility of two potential artifacts 

arising from the use of [63Ni]Con A. First, there was the possibility that 

small amounts of f63Ni ] were dissociating from the Con A and being taken up 

by the cell. Second, there was the possibility that the chemical properties 

of Con A were altered by the metal substitution thus generating the high 

affinity binding. We, therefore, repeated this study using both [ 125I]- 

labeled Con A and [3H-acetyl]-labeled Con A. In all cases, Scatchard analysis 

revealed the presence of both high and low affinity binding sites as 

previously obtained with [63Ni]Con A. While some differences in the specific 

binding constants are apparent dependent upon the nature of the chemical 
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TABLE I. BINDING CONSTANTS FOR CONCANAVALIN A 

High Affinity 
Receptors 

Of-l> 

Low Affinity 
Receptors 

(M-l) 

['H]Acetyl-Con A 

$25 IICon A 

[63Ni2]Con A 

1.0 x log 0.76 x lo6 

0.6 x 10' 3.7 x lo6 

7.4 x log 1.6 x lo6 

modification of Con A, as shown in Table I, we conclude that the presence of 

the high affinity binding sites is not due to a special property of the 

[63Ni]Con A. 

We were further concerned that the presence of high affinity low 

capacity Con A membrane receptors might have been attributable to endocytosis 

or some other type of non-specific internalization. This possiblity was 

eliminated on the basis of three criteria. First, all binding studies were 

done at 4'C, where; over the time period studied, endocytosis should be 

negligible (23-25). Second, if Con A were being internalized by the cell at 

these low concentrations, then the amount of Con A associated with the cells 

should continue to increase with time. The kinetics of Con A binding to 

the cells were, therefore, studied and the results are shown in Figure 3. 

This figure shows that normal fibroblasts incubated at 4'C do not continue 

to accumulate Con A as a function of time when 0.1, 1.0 or 50 rig/ml Con A 

concentration is used, and in all cases equilibrium is reached within 60 

minutes. Third, 90% of Con A bound either to the high or low affinity site 

was removed after addition of a-methyl-D-mannopyranoside, the sugar which is 

specific for this lectin. The kinetics of dissociation of Con A bound to 

the high or low affinity site is shown in Figure 4. This figure indicates 

that o-methyl-D-mannopyranoside causes a rapid release of bound Con A during 

the first hour of incubation at 37OC. In addition, all the material removed 

by a-methyl-D-mannopyranoside was acid precipitable and is therefore not a 

degradation product of intracellular metabolism of Con A. We conclude that 

the high affinity binding is not due to the endocytic uptake of bound Con A 

by the cells. 

There are three general models of lectin binding which might account 

for the presence of these different classes of lectin-membrane affinities: 

1) heterogeneous receptors differing in their intrinsic binding affinity (26); 
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Fig. 3. Binding of 125 I Con A to normal human fibroblasts as a function of 
time. Confluent fibroblasts were washed twice with cold (Ca2--Mg* free) NaCl-P 
buffer and incubated with 0.1 pg/ml (o---o ), 1.0 g/ml (&---A) or 50.0 iJg/ml 
(M) Con A for the indicated time. Bound Con A was measured as described 
in Materials and Methods. 

Fig. 4. Dissociation of 125 I Con A from cells by a-methyl-D-mannopyranoside. 
Normal human fibroblasts were incubated with either 0.1 D&/ml (o---o) or 
50 ug/ml (A---A) Con A for 1 hour at 4*C. Dissociation was measured in the 
presence of 10 mM a-methyl-D-mannopyranoside after various periods of 
continuous incubation as described in Materials and Methods. 

2) homogeneous receptors displaying site-site interaction of the type called 

negative cooperativity (27); and 3) homogeneous mobile receptors capable of 

interacting with a small number of membrane components ("effecters") which, 

when bound to the receptor, increase its association constant for Con A (28). 

Our data do not allow us to discriminate among these possibilities. Other 

investigators have also obtained complex Scatchard plots from the binding of 

phytohemaglutinin to human lymphocytes (29), from the binding of Con A to 

thymocytes (30), and from the binding of soybean agglutinin to erythrocytes 

(31) - Only incur studies and in the case of lectin binding to thymocyte 

microsomal membranes (30)has the question of small amounts of endocytic 

uptake been carefully eliminated as a possible source of "high affinity 

binding." 
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Whether the class of high affinity Con A binding sites we have described 

in normal human fibroblasts is associated with particular biological functions 

distinct from the functions associated with the low affinity binding sites is 

not known. It may be of some importance, however, that in those studies 

which have examined the dose-response relationship for Con A it has usually been 

found that the concentration of Con A required to elicit responses of agglu- 

tination or mitogenesis is such that only a fraction of the total Con A 

binding sites are occupied (Table 11). This stimulation of a biological 

response at low site occupancy is particularly pronounced in the case of the 

mitogenic effect of Con A on lymphocytes. We have, therefore, made a preliminary 

examination of normal humanlymphocytes for the presence of a second class of 

high affinity plasma membrane binding sites and found that these do in fact 

exist. The association constant is approximately 1.5 x 10g M-1 and these 

high affinity sites are saturated at 0.25 pg/ml which compares favorably with 

the reported value for onset of mitogenic stimulation by Con A. 
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