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in recent years, lectins have become indispensable tools in the study of 

mitogenesis, mammalian cell-surfaces, and such immunoIo~ic phenomena as delayed 

hypersensitivity (reviewed by Liener’). One of the lectins, concanavalin A (con A). 
has received considerable attention because of its specificity of interaction with sugar- 

containing molecules and its ease of purification. In attempts to explain the diversity 

of the biological properties of con A, its sequence’ and tertiary and quaternary 

structures3-5 have been determined. In order that con A may exhibit its full, sac- 

charide-binding potential, two metal-sites must first be occupied5.‘. The first site. 
Sl, can be filled with either Co?&, ~kfn”‘, Ni’“, or Zn’-. The binding of transition 

metal results in the creation of a Ca’--specific site (S2). Lvhich, when filled, activates 
the saccharide-binding site. The t\vo metal-sites are located -500 pm apart in the 

con A molecule3~‘. 
Considerable controversy surrounds the location of the carbohydrate-binding 

site ‘*s*9 on con A. The data of Hardman and Ains\vorth4 and Becker PI ~71.~ suggest 
that the carbohydrate-specific site is on the surface of the lectin and close to the Ca’- 
site. Hardman and Ainsworth predicted that saccharide \vould provide additional 

stability to the metal-binding regions. However, as pointed out by these authors. 
ca’+ coordinates Lvith some of the same side-chains thought to be involved in the 

carbohydrate-binding site. In this communication, \ve show that the affinity of con A 
for Ca”’ is lessened in the presence of methyl a-wnannopyranoside (Mex-uManp), 
a saccharide that binds to the lectin. The results suggest that Ca”- and saccharide 

compete for the same binding-sites on the con A molecule. 

EXPERIMENTAL 

Con A was prepared by affinity chromatography according to Agrawal and 
Goldstein’“. MetaI-free con A was prepared as described previously’ ‘. A subunit 

molecular weight of 25,600 was used for calculations. Con A concentrations were 
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determined by absorbance measurements’ ’ at 280 nm, assuming that E I ?;. I Em = 11.4. 

All con A solutions were 5rnhl in Mn2 +. 
Equilibrium dialysis was conducted with 10Oi~ solutions of the lectin in 0.3er 

sodium chloride, 0.1~ acetate (pH 5.3) for 41 h at 4”. The concentrations of Ca’+ 

inside and outside the dialysis bags were determined by scintillation counting Of 45Ca. 

The Scatchard equation, r/c = &(n -r), was used to obtain i(,. by plotting r/c 
uersm r, where r is the molar ratio of bound Ca2+ to the protein, and c is the molar 

concentration of free calcium. The slopes ‘rvere determined by a least-squares method. 
Methyl cz-D-mannopyranoside was purchased from Sigma Chemical Co., St. Louis, 

Missouri. 

RESULTS AND DISCUSSION 

Fig. 1 shows an equilibrium-dialysis experiment in which the association 

constant for the Ca’ A -con A complex was determined in the absence and presence of 
mht Me%-DManp. In the absence of this saccharide, the hfa for Ca” binding was found 
to be 1.3 x 10’ xl-‘, in close agreement with the results of Shoham et al.‘. However. 
when the experiment was performed in the presence of Mez-DManp, the association 
constant \vas lowered to 7.1 x IO3 XI- I and was not accompanied by a lessening in the 

14 

IO 

Fig. 1. Bindin!: of Ca’- to concanavalin A in the presence and absence of saccharide. [4sCa’-. 
-Cl---; JsCa’* plus rn%l Mez-DManp, --e_.] 
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number of sites. In both cases, approximately one mole of metal was bound per mole 

of lectin. 

The chemical modification of tyrosine side-chains by con A leads to a diminished 
interaction with polysaccharide13. Wardman and AinsworthS found that both 

Tyr-12, and Asp-208 are involved in binding of Ca” and saccharide. Becker et a1.9 

suggested that additional ligands may be common to the CaZC and carbohydrate 
sites. The last two reports and the data shown in Fig. 1 suggest that saccharide and 
CaZC may actually compete for ligands. Accordingly, additional equilibrium- 
dialysis experiments were performed, usin, = a constant concentration of Ca’+ and 
varied proportions of Mea-DManp. 

Fig. 2 offers a more direct confirmation that Ca” and Me+DlManp compete 
when binding to con A. Con A was incubated with a constant amount of l’Ca”’ and 

the samples were dialyzed at 4” against solutions containin, 0 increasing concentrations 
of Mez-DManp. The ratio of mol of bound “‘Cazi per rnol of con A, I’, is plotted in 
Fig. 2 as a function of the log of concentration of Merr-DManp. The solid curve is a 
theoretical curve obtained by a least-squares analysis of the data linearized in the 

c 0.6 r 
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Fig. ?. Inhibition of Cn”-concanavaIin A binding by methyi a-D-mannop~ranosidr. IEquilibrium 
di.tIysis W;I~ conducted as described. The concentcntions of concanavalin A md CL!‘- were S9.j.L!txc 
nnd IOO~~c, respectively.] 

form of the Hill equation. The inhibition of Ca2+ binding was non-cooperative, and 
gave a K, fox binding of Mea-DManp to con A of 7.3 x lo3 hi- ‘, in reasonable agree- 
ment with literature values 1 4. In Fig. 1, it was seen the Mex-DManp competes with 
binding of Ca” by lowering the K= for Ca”, not by destroying binding-sites. 
Therefore, from the four-fold lowering in r at saturating (0.1 u) Mea-DManp seen in 
Fig. 2, the K, for binding of Ca 2+ to con A is lessened four-fold in the presence of 
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high levels of MewDManp. We suggest that, when Mecr-DManp interacts at the 
carbohydl ate-binding site, the amino acid residues involved in binding of Ca2+ may 
shift their positions, resulting in a lessened affinity for Cazt . 

Brewer et 01. ’ 5 and Brown et al. 1 6 suggested that the CaZf ion is not an 
absolute requirement for the activation of the saccharide-specific site in con A. 
Rather, they considered that Ca2+ enhances the rate of binding of Mn2+ to the 
protein. Richardson and Behnke ’ ’ offered direct support for the premise that Ca” 
is not necessary for carbohydrate binding. We have been unable to show, using 
difference spectroscopy’ ’ , that: Me%-DManp complexes with con A in the absence of 
Ca- ’ ‘. Furthermore, Mn2 ’ generates ’ * an ultraviolet difference-spectrum in apo- 
con A. and immediately retards the thermal denaturation of the protein18. Thus, the 
exact role of Ca’- in the structure and function of con A remains obscure. Additional 
refinements in the crystal structure of con A in rhe presence and absence of metal and 
saccharide ligands will be necessary in order that the interrelationships between the 
various binding-sites may be characterized. 
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