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ABSTRACT 

Metal-free concanavalin A is readily and irreversibly inactivated by temper- 
atures above 60”. Manganese ion completely prevents the thermal aggregation of the 
protein at 60 and 70”, and partially protects at SO”, but shows no protective properties 
at 90”. Manganese protection against thermal aggregation was found to be maximal 
at pH 4-8. The precipitation between glycogen and Mn2+-stabilized concanavalin A 
is partially inhibited at temperatures >30”, but can be reversed by cooling to room 
temperature. Manganese ion also partially reverses the inhibition of concanavalin A- 
glycogen complex-formation by protein denaturants and by saccharides. At 20”, 
calcium ion plus Mn*+ prevents the aggregation of metal-free concanavalin A 
induced by guanidine hydrochloride. The results show, contrary to conclusions from 
previous studies, that concanavalin A is a highly stable protein when supplemented 
with MnZf and Ca2*. 

INTRODUCTION 

Several articles have appeared showing that concanavalin A (con A), the 
jack-bean phytohemagglutinin or lectin, has marginal stability in solution. So and 
Goldstein’, McKenzie kt al.*, and Cunningham et aL3 noted that con A solutions 
tend to aggregate spontaneously. Doyle et al. 4 found that temperatures above 50” 
enhance the aggregation of con A, but that the aggregation can be partially prevented 
by specifm sugars that bind to the protein. Pflumm and Beychok5 recently found that 
denaturants, such as urea, irreversibly inactivate con A. Earlier, Goldstein et aL6 had 
shown that pH values > 9.0 result in the loss of carbohydrate binding by con A. Thus, 
one of the inherent difficulties in working with con A appears to be its ease of 
denaturation and its nonspecific aggregation. 

In studies on the crystal structure of con A, Hardman’ predicted that the 
protein’s native metals, Mn’+ and Ca’+, would impart stability to the molecule. By 
use of several techniques, we now find that manganese and calcium ions confer a 
high degree of structural stability to native con A, as well as to metal-free con A. 
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Fig. 6. Effect of temperature on the interaction between con A and glycogen. meaction mixtures 
contained native con A (1.7 mg) and glycogen (1.0 mg) in lm~ Mn*+-O.lhr sodium acetat&O.%r 
sodium chloride (PH 5.0). The final volumes were 4.0 ml. The con A and glycogen were mixed in 
cuvets, and held at 22” until the absorbance at 600 nm was constant. The cuvets were then placed in 
water baths at the temperatures indicated. After 5 ruin of incubation at the temperatures designated, 
the cuvets were withdrawn, and the absorbances immediately determined. The arrows indicate that 
the samples were transferred back to a bath at 22” and held therein for 20 min. The bars represent 
the extrema of 4 to 8 separate samples at the given temperature; -* represents the mean of these 
absorbances.] 

We have shown that the addition of Mnzf to metal-free con A (as well as to 
native con A) prevents the thermal aggregation of the protein. In addition, supple- 
mentation of native con A with Mn*+ results in increased resistance to the effects of 
protein denaturants. It is known that native con A is deficient in metals18~1g. We 
consider that the absence of transition metal from native con A preparations may 
explain the tendency for the protein to be readily denaturedse6. Based on the X-ray 
crystallographic work of Hardman7, it is not difficult to explain why the lack of metal 
makes the protein marginally stable: in the absence of metal, a portion of the poly- 
peptide strand (residues 10-20) is forced into a solvated state, because of a repulsion 
by side-chain carboxyl groups that bind the metal’. Binding of transition metal 
effectively neutralizes the carboxyl groups. 

Our data suggest that con A is a highly stable protein when it is in the presence 
of an excess of a transition metal. 
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