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S U M M A R Y  

Concanavalin A causes a biphasic modification of the activity of the plasma 
membrane enzyme 5'-nucleotidase. The first stimulatory phase occurs from 0 to 
0.05 ItM concanavalin A, the second inhibitory phase at higher concentrations. The 
curve relating binding of 125I-labelled concanavalin A and concentration of native 
lectin is similarly biphasic. The two phases likely result from occupation of distinct 
families of binding sites. When the enzyme is extracted from the membrane, the 
stimulatory phase disappears. Thus, the high affinity binding sites responsible for 
this phase depend upon the intact membrane structure while the others do not. 

The use of lectins as tools for the investigation of a wide variety of phenomena 
at cell surfaces as well as many properties of the surface plasma membranes themselves 
has mushroomed in recent years [1-6]. We have recently reported that 125I-labelled 
concanavalin A binds to isolated liver plasma membranes in a manner which is 
saturable, time and temperature dependent and inhibited by haptenes and high 
concentration of  native protein [7]. The present communication describes the influ- 
ence which this binding has on the activity of the plasma membrane enzyme, 5'-nucleoti- 
dase. 

Plasma membranes were isolated by the method of Ray [8] from male Wistar 
rats (130-170 g) which had been starved for about 15 h. Concanavalin A from Sigma 
was labelled with 1251 using lactoperoxidase [9]. Binding experiments were performed 
by a method identical to that used by Rodbell et al. [10] for binding of ~251-1abelled 
glucagon to liver plasma membranes. 5'-Nucleotidase was extracted from membranes 
with 0.7 ~ solutions of  either Triton X-100 or Lubrol-PX in 50 mM Tris-HCl, pH 
7.8, with a resultant increase in specific activity of about 60 ~.  Activity of 5'-nucleoti- 
dase was assayed in the presence of 10 mM 5'-AMP, 10 mM MgCI2, I mM CaCI 2 and 
50 mM Tris-HCI, pH 7.5, at 37 °C. Protein was measured according to Lowry et al. 
[11] and inorganic phosphate by a modification of the method of ALlen [12]. Specific 
activities were expressed as/~moles P~ liberated per mg protein per h. 
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Fig. 1. Change in specific activity of 5'-nucleotidase of isolated liver plasma membranes due to 
exposure to concentrations of concanavalin A (Con A) indicated (log scale). Inset: curve for a similar 
experiment to emphasize increase in specific activity at low concanavalin A concentrations (linear 
scale). The labelling of abscissae and ordinates applies to both curves. 0.3 M ~-methyl-o-glucoside 
prevented all changes in specific activity shown. 

We first observed that the addition of relatively high concentrations (25-50 
pg/ml) of concanavalin A to the assay medium caused considerable inhibition (20- 
60 ~o) of the 5'-nucleotidase activity of  isolated plasma membranes. However, con- 
sistent with the extremely low rate of dissociation of bound 12 S i.labelled concanavalin 
A from these membranes [7], a similar inhibition was observed when membranes 
preincubated in the presence of the same concentrations of  concanavalin A and washed 
were assayed in the absence of the lectin. The results of one such experiment are 
shown in Fig. I. The response is biphasic, showing stimulation of  activity at low con- 
centrations of concanavalin A and inhibition at higher concentrations. The character 
of  the stimulatory phase is more clearly represented by the inset curve (separate 
experiment). At 0.05/LM, concanavalin A caused about a 50 ~ enhancement of 
activity. The principle curve in Fig. 1 reveals that at higher concanavalin A concen- 
trations activity decreases exponentially to about l0 ~ of the control value by 2 ~M. 
At 5 pM, inhibition is complete. 

Although a satisfactory explanation of this biphasic response is not immediate- 
ly apparent, it seems that increasing concentration of concanavalin A up to a critical 
level (0.05 ~M) alters the enzyme either directly or via interaction with other mem- 
brane glycoproteins so as to cause increased rates of phosphohydrolase activity, 
whereas, above this critical value activity is reduced. 
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Fig. 2. The  effect o f  native concanaval in  A on the binding of  ~ 2Sl-labelled concanaval in  A (Con A t 
(53 000 cpm;  0.05 pmole at each point)  to isolated p lasma m e m b r a n e  (24 .75pg protein at each 
point).  Correct ions  were made  for "'non-specific'" binding which occurred in the presence o f  0.3 M 
2-methyl-D-glucoside.  

Fig. 2 shows that native concanavalin A alters the extent of binding of 125I- 

labelled concanavalin A to these membranes in a similarly biphasic manner. Low 
concentrations of the unlabelled protein are capable of enhancing the binding of 
labelled concanavalin A; higher concentrations of the former effectively displace the 
latter. During the first stimulatory phase, binding of the native molecule results in 
increased affinity or exposure of membrane sites for l ZSI-labelled concanavalin A, 
presumably due to interactions between sites. The similarity between the curves in 
Fig. 1 and Fig. 2 is particularly striking since the peaks occur at 0.05 pM concanavalin 
A in both cases. While not conclusive, this relationship is highly suggestive that the 
first phase of the modification of 5'-nucleotidase by concanavalin A may also be a 
result of the co-operative behaviour of high affinity binding sites. 

To learn more about the second inhibitory phase, the influence of a fairly high 
dose of concanavalin A on the 5'-nucleotidase activity at varying substrate concentra- 
tions was determined and the results are represented by the reciprocal plots in Fig. 3. 
Although most obvious is the 50 ~ reduction in V, the K m also increased, indicating a 
"mixed type" of inhibition [13]. This finding together with the lack of influence of 
changing the sequence of addition of concanavalin A and the substrate [7] suggest 
that inhibition does not occur simply as a result of a blocking of the substrate site 
by the large lectin molecule. 

In light of the fact that Scatchard plots of the ~2SI-labelled concanavalin A 
binding data revealed the presence of more than one population of sites [7] we feel 
that the high affinity sites, which when occupied at low concanavalin A concentra- 
tions cause both enhancement of further binding and of 5'-nucleotidase activity, 
are distinct from those which are occupied at higher concentrations, causing displace- 
ment of 125I-labelled concanavalin A and inhibition of 5'-nucleotidase. 
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There is some evidence that this enzyme is a glycoprotein [14]. However, 
the question of whether the observed effects of concanavalin A are the results of 
direct interaction of the lectin with the enzyme or are mediated via binding to other 
membrane glycoproteins cannot be unequivocally answered until purification of 
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Fig. 3. Lineweaver-Burk plots of reciprocal of 5"-nucleotidase specific activity (v) versus reciprocal 
of 5'-AMP concentration(s) in the presence (O) and absence ( x ) of 1.5/~M concanavalin A. 
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Fig. 4. Effect of concanavalin A (Con A) on inorganic phosphate released from 5'-AMP by the 
5"-nucleotidase extracted from isolated plasma membrane (37.5/~g protein at each point) by a 1-h 
incubation in 0.7 ~ Triton X-100 (50 mM Tris-HCl, pH 7.8) at 37 °C. 
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the enzyme has been comple ted .  We are present ly  engaged in this task.  In  the mean-  
t ime,  we have s tudied the influence o f  concanava l in  A on the enzyme after  it  was 
ex t rac ted  f rom the membrane  with a non- ionic  detergent .  The result  shown in Fig. 4 
is dis t inct ly  different f rom tha t  found  with intact  membranes .  N o t  only is the s t imula-  
to ry  phase  comple te ly  absent ,  but  the solubi l ized enzyme is much  more  sensitive to 
inh ib i t ion  by concanava l in  A:  at  0.05/~M, a 10 ~ inhib i t ion  has occurred in cont ras t  
to a 50 ~ s t imula t ion  with par t icula te  enzyme (Fig. l ) ;  at  0.5 ItM inhib i t ion  was virtu- 
al ly complete ,  whereas,  with intact  membrane  act ivi ty  was only sl ightly lower than  
that  o f  the con t ro l  (Fig. 1). Hence,  removal  f rom the membrane  renders  the enzyme 
non-s t imula tab le  by the low concent ra t ions  o f  concanava l in  A which occupy high 
affinity b ind ing  sites on the intact  membrane .  The ext rac ted  enzyme also ei ther has 
more  inh ib i to ry  sites exposed  or  is more  susceptible  to the inhib i tory  a l te ra t ion  once 
b ind ing  has occurred.  These observa t ions  would  be consis tent  with a s t imula t ion  o f  
act ivi ty  due to indirect  in terac t ion  o f  lectin with enzyme and an inh ib i t ion  as a result  
o f  a direct  associat ion.  

We hope tha t  fur ther  exper iments  with lectins specific for o ther  monosaccha -  
r ides c o m m o n l y  found  in g lycopro te ins  and some modif ied  forms o f  these will help  
dis t inguish whether  the modif ica t ions  o f  5 ' -nucleot idase  act ivi ty were due to general  
pe r tu rba t ions  o f  c a rbohyd ra t e  moiet ies  or  specifically due to the b inding  o f  the te t ra -  
valent  concanava l in  A,  p re sumab ly  to mannose  residues. 

This work  was suppor t ed  by the Medica l  Research  Counci l  o f  Canada .  
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