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CONCANAVALIN A BINDING AND Ca z + FLUXES IN RAT SPLEEN CELLS 
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Addition of the mitogenic lectin concanavalin A to rat spleen cells results in a small increase in the 
steady-state Ca 2 + content of the cells. 45Ca 2 + fluxes were measured under conditions where artifacts due to 
Ca 2+ binding to concanavalin A could be excluded. Both 45Ca 2+ influx into and efflux from these cells are 
significantly activated by the lectin. If 4SCa2+ is added 30 rain after concanavalin A the rate of influx is 
further enhanced. The increase in 45Ca2+ influx correlates well with binding of concanavalin A to the cells. 
At low concentrations (optimal mi~togenic) of the lectin (1 and 3 ixg/mi)  no significant increase in 4SCa2+ 
influx occurs but an increase in 4SCa2+ efflux is still observed. The results suggest that concanavalin A 
binding to the cell surface causes an increase in Ca 2 + influx into the cells and that activation of Ca 2 + efflux 
occurs as a response to an increase in  the cytosolic Ca z+ activity. Thus, Ca 2+ may well play a role in 
triggering lymphocyte activation. 

Introduction 

Several lines of evidence implicate a role for 
Ca 2+ as an intracellular messenger in mitogenic 
T-lymphocyte activation. It has been established 
that extracellular Ca 2÷ is required [1-3] for mito- 
genic stimulation induced by various lectins such 
as concanavalin A and phytohaemagglutin. The 
divalent cation ionophore A23187 is mitogenic [4,5 
] and an increase in the cytosolic Ca 2÷ activity is 
observed upon addition of concanavalin A or phy- 
tohaemagglutin to lymphocyte suspensions [6]. The 
mechanism by which the cytosolic Ca 2÷ rises as a 
response to mitogen addition is unclear. Some 
workers have observed an increase in Ca 2÷ uptake, 
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which terminates within a few minutes [7,8], while 
others have reported that there is a prolonged 
increase in Ca 2÷ influx [9]. Also, in the case of the 
correlation of the mitogenic response to Ca 2+ in- 
flux, variable observations have been made. Thus, 
a good correlation has been observed by some 
workers [8] while others [9] have claimed that 
Ca 2÷ influx correlates with the inhibition of DNA 
synthesis at high concentrations of lectins. A fur- 
ther complication may arise from the fact that the 
most commonly used lectin, concanavalin A, binds 
Ca 2÷ irreversibly [10,11], i.e., the bound cation 
cannot be removed totally from the lectin by dialy- 
sis against 1 mM EDTA [10] for several hours and 
45 Ca 2 ÷ bound by concanavalin A is not exchanged 
upon addition of 40 mM 4°Ca2+ [11]. 

The aim of the present study was to re-examine 
Ca 2÷ fluxes in lymphocytes by measuring steady- 
state net Ca 2+ uptake and steady-sate 45Ca2+ ex- 
change fluxes taking possible Ca 2÷ binding to 
concanavalin A and phytohaemagglutin into 
account. 
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Methods and Materials 

Isolation of cells 
The spleens of Wis ta r  rats were cut  open and 

the cells squeezed out  with a pa i r  of forceps into a 
basal  med ium consis t ing of 137 m M  NaCI,  5.4 
m M  KC1, 1.2 m M  MgC12, 0.44 m M  KHzPO4,  4.2 
m M  N a H C O  3, 20 m M  Tes (pH 7.4) at room 

temperature .  The suspension of cells was subse- 
quent ly  fi l tered through two layers of cheese cloth 
or  co t ton-wool  and centr i fuged at 400 x g for 10 
min. The cells were then lightly suspended into 
0.83% ( w / v )  NH4C1, 10 m M  Tes (pH 7.4) (10 
m l / s p l e e n ) ,  and incuba ted  for 8 min after  which 
they were centr i fuged at 500 × g for 5 min and 
washed twice in the basal  medium.  The cells were 
f inal ly suspended into the basal  med ium and s tored 
at room tempera tu re  before  use. The viabi l i ty  of 
the cells used in the exper iments  descr ibed below 
was always over 90% as measured  by  t rypan  blue 
exclusion. 

Conditions of incubation during isotope experiments 
The cells were d i lu ted  into the basal  medium to 

a final concent ra t ion  of 10 7 ce l l s /ml .  2 /~Ci /ml  
3H20,  0.8 m M  CaC1 z and 5 m M  glucose were 
a d d e d  and incuba t ion  was carr ied out  at 35°C in a 
shak ing  wate r  ba th .  45Ca2+ or  [3H]acetyl-  

concanava l in  A was added  as indica ted  in the 
figure legends. At  cer tain t ime intervals,  samples  
(250 /~1) were taken f rom the suspension and 
layered onto  the top of a mixture  of d inoy lph tha-  
late  and bu ty lph tha la te  (30 :60 ,  v / v )  conta in ing  
250/~1 of 4 m M  E G T A  in the basal  med ium at the 
top  in order  to remove sur face-bound Ca 2 + [12,13]. 
Thereafter ,  the cells were immedia te ly  spun 
through the oil in a Janetzki  bench centrifuge. The 
superna tan t  on the top of  the oil was removed by 
suction. 0.5 ml H 2 0  was p ipe t ted  onto  the top of 
the oil to wash the walls of  the tubes, subsequent ly  
the H 2 0  and oil were sucked off and  the pellet  
was homogenized  in 10% ( v / v )  perchlor ic  acid. 
Af te r  extract ion for at least 1 h the acid was 
neut ra l i sed  with 0.5 M Tris base and the total  
conten t  of  the tubes t ransferred into scint i l la t ion 
vials and counted  in an L K B / W a l l a c e  Min ibe ta  
(1211) appa ra tus  using gate sett ings dis t inguishing 
45 Ca 2 + from 3 H. 

Materials 
Radio i so topes  were ob ta ined  from the Radio-  

chemical  Centre  (Amersham,  Bucks, U.K.).  Con-  
canaval in  A and phy tohaemagglu t in  were from 
Sigma Chemical  Co. (St. Louis, U.S.A.) Ionophore  
A23187 was f rom Calb iochem-Behr inger  Corp.  (La 
Jolla,  U.S.A.).  Al l  the other  reagents  used were of 
the highest  grade available.  

Results 

Effect of concanavalin AS  on 45Ca2 + uptake by rat 
spleen cells 

After  isola t ion the cells were p re incuba ted  for 
1 h at 35°C in o rder  to achieve real s teady-s ta te  
condi t ions  (cf. Ref. 14). 3H20 was included in all 
incubat ions  as a relat ive measure  of cell number  [8 
] in the pellets,  since the cells of ten form sediments  
of  small  aggregates  and under  some condi t ions  
there was a reduct ion in the number  of cells dur ing  
the incuba t ion  due to a t t achment  to the walls of 
the flasks. In  control  exper iments  there was a good 
corre la t ion  between the pro te in  content  and  
amoun t  of 3H20 in the pellets (not  shown). Af te r  
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Fig. 1. Effect of concanavalin A on 45Ca 2+ uptake by rat 
spleen cells. 10 7 cells/ml were preincubated for 1 h in the basal 
medium containing in addition 2 /LCi/ml 3H20, 0.8 mM 
CaC12 and 5 mM glucose. (A) At time = 0, additions were 
made of 1 ~Ci/ml 45Ca 2+ (O), a mixture of 45Ca2+ and 25 
#g/ml concanavalin A (El) or concanavalin A pretreated with 
10 mM CaCI 2 together with 45Ca2+ (O)  giving a final Ca 2÷ 
concentration of 1 mM in the incubation under all conditions. 
(B) At time = 0, addition of 45Ca2+ (0) or 25 p.g/ml con- 
canavalin A pretreated with 10 mM CaCI 2 and 45Ca2+ added 
after 5 min fin) or 30 rain (O). Incubation otherwise as in A. 
Results are expressed as nmol Ca2+//tl pellet H20. 



the preincubation period 45Ca2+ w a s  added with 
or without concanavalin A (Fig. 1). Under the 
control conditions there is an apparent fast initial 
phase followed by a slower phase of 45 Ca 2 + influx. 
If 45Ca2+ is allowed to come into contact with 
concanavalin A prior to addition of the lectin to 
the lymphocyte suspension, there is a large ap- 
parent increase in Ca 2+ uptake upon association 
of the lectin with the cells (Fig. 1A). Since con- 
canavalin A binds Ca 2+ with an apparent K d of 
the order of 0.3 mM [15], the lectin was prein- 
cubated with 10 mM Ca 2÷ prior to its addition 
together with 45Ca2+ tO the cells. In this case 
concanavalin A induces a slow increase in 45Ca 2 + 
influx into the cells. The largest difference in 
45 Ca 2 + content as compared to untreated cells was 
obtained after 40-60 rain of incubation. Addition 
of phytohaemagglutin gives virtually identical re- 
sults under the above conditions (not shown). 

An increase in influx is still observed if 45Ca2+ 

is added 5 min after concanvalin A and the rate of 
influx is even enhanced after 30 min incubation in 
the presence of the lectin (Fig. 1B). Note that 
under all the above conditions, there is a change in 
the total Ca 2÷ activity of the incubation from 0.8 
to 1 mM (Fig. 1). Under control conditions this 
does not, however, affect the distribution of 
4 5  C a  2 + 

In order to find out whether the 45Ca2+ associa- 
tion with the cells under the above conditions 
represents a real influx into the cells, EGTA, to 
chelate Ca 2÷, in combination with the bivalent 
cation ionophore A23187 [ 16], was added after the 
influx was completed. Fig. 1A demonstrates that 
there is a release of the 4 5  C a  2 +  , only under condi- 
tions where concanavalin A has been preincubated 
with 10 mM Ca 2+, to the same extent as the 
control, while most of the 45Ca2+ remains associ- 
ated with the cells under conditions where 45Ca2+ 

has been allowed to come into previous contact 
with the lectin. This suggests that the apparent 
influx of 45Ca2+ is due to binding of the isoptope 
to concanavalin A. To examine further this point, 
c~-methylglucoside was added in order to remove 
the bound lectin from the cells [11]). In this case 
(Fig. 2B), the 45Ca2+ is lost from the cells only 
under conditions where concanavalin A has had 
previous contact with the isotope. If a-methylglu- 
coside was added prior to concanavalin A, no 
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Fig. 2. Effect of ionophore A23187 in combination with EGTA 
and of a-methylglucoside on 4SCa2+ association with rat spleen 
cells. Conditions as in Fig. 1, (A) Addition of 1/~Ci/ml 45Ca2+ 
(e), a mixture of 4SCa2+ and 25/~g/ml concanavalin A (11) or 
concanavalin A pretreated with 10 mM CaCI 2 together with 
45Ca2+ (C)) at time = 0. At the time denoted by the arrow, 5 
p.M A23187 was added together with 2 mM EGTA (e, ©, II). 
(B) Conditions as in A (e, II) except that 4SCa2+ was added 30 
s after the concanavalin A/10  mM Ca 2+ mixture (©). At the 
time denoted by the arrow, 0.2 M a-methylglucoside was added 
(o, O, ran). 

effect of the lectin o n  45Ca2+ uptake was observed 
under any of the above conditions (not shown). 

When cells are preincubated in the presence of 
Ca 2÷ together with 45Ca2+ for 1 h prior to con- 
canavalin A addition, in order to reach a steady 
state, the lectin causes a very modest increase in 
45Ca2+ uptake (Fig. 3). Although the change is 
small it has been reproduced several times. 
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Fig. 3. Effect of concanavalin A on the steady-state Ca 2+ 
content of rat spleen ceils. Conditions were as in Fig. 1 except 
that 1 t tCi /ml  45Ca 2+ was present throughout the preincuba- 
tion period (e, ©). Addition of 25 # g / m l  concanavalin A as 
indicated by arrow (©). 



3 1 8  

Correlation between Ca 2 ÷ influx and concanavalin 
A binding to cells 

A n  increase  in Ca  2÷ inf lux  is obse rved  a b o v e  3 

# g / m l  c o n c a n a v a l i n  A (Fig.  4). W i t h  d i f fe ren t  

c o n c a n a v a l i n  A c o n c e n t r a t i o n s  the inc rease  in 

45Ca2+ inf lux  cor re la tes  wel l  w i th  the c o n c a n a v a -  

l in A b ind ing  to the  cells as m e a s u r e d  us ing  

[ 3 H ] a c e t y l c o n c a n a v a l i n  A, excep t  at  ve ry  low con-  

cen t r a t i ons  of  the  lectin.  T h e  a p p a r e n t  K d for  

c o n c a n a v a l i n  A b i n d i n g  to cells  ( abou t  1 0 / ~ g / m l )  

f o u n d  in this s t udy  c o r r e s p o n d s  fa i r ly  well  w i th  

con A added (ug/mL) 

3 1~ 30 100 

L- 
,-i- 

t -  

0 

< 
c 
o 

0.2 

. : J  
T 
a.,  

i 0 ~ 

0.q. o 

\ o  
\ 

1' 2 
c0nA bound (ug/107cetts) 

Fig. 4. 45 Ca 2 + influx and concanavalin A binding at increasing 
concentrations of concanavalin A (con A). Incubation condi- 
tions were as in Fig. 1. After the preincubation period, 45Ca2+ 
was added with or without varying concentrations of con- 
canavalin A (indicated at the top of the figure) pretreated with 
10 mM CaCI 2 as in Fig. 1A and the incubation was continued 
for 30 min before samples were taken. Each point is the average 
of four separate determinations+S.D. In a separate experi- 
ment, [3H]acetyl concanavalin A was added with varying con- 
centrations of concanavalin A (indicated at the top of the 
figure) under conditions otherwise similar to those above and 
the incubation was continued for 30 min before samples were 
taken and spun through oil. Results were calculated assuming a 
similar binding constant of [3 H]acetylconcanavalin A and con- 
canavalin A. Abscissa: concanavalin A bound (~g/107 cells) 
per concanavalin A free (#g/ml). Ordinate: concanavalin A 
bound (#g/107 cells). Each point is the average of three 
determinations. 

p r ev ious  r epor t s  on  b i n d i n g  of  the lec t in  to 

l y m p h o c y t e s  [ 17]. 
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Fig. 5. Effect of concanavalin A on 45Ca2+ efflux from rat 
spleen cells. The cells were preincubated in the presence of 20 
#Ci/ml  45Ca2+ in the basal medium (endogenous Ca 2÷ con- 
tent 8 /~M) for 30 min at room temperature. Thereafter, they 
weer washed twice by centrifugation at 500 x g for 5 min and 
the top of the pellet washed twice before suspending the cells 
into the basal medium containing 2 ~Ci/ml 31-I20, 1 mM 
CaCI 2 and 5 mM glucose at 35°C (e) at time = - 10 min. At 
time = 0, additions were made of 1/~g/ml (O), 3/~g/ml (11) or 
30 #g/ml (O) concanavalin A. Samples were taken and spun 
without EGTA pretreatment. 

Effect of concanavalin A on 45Ca2 + efflux 
I n c u b a t i o n  of  l y m p h o c y t e s  at  r o o m  t e m p e r a t u r e  

resul ts  in ne t  Ca  2+ u p t a k e  in to  cells [18]. I f  cells  

a re  p r e i n c u b a t e d  at r o o m  t e m p e r a t u r e  in the pres-  

ence  o f  45 Ca  z + ,  r e p e a t e d l y  w a s h e d  and  s u s p e n d e d  

at  3 5 ° C  in a m e d i u m  c o n t a i n i n g  Ca  2+, a l inear  

45Ca2+ eff lux  occurs  (Fig.  5). I f  c o n c a n a v a l i n  A is 

a d d e d  a c o n s i d e r a b l e  increase  in the  ra te  o f  ef f lux  

is o b s e r v e d  even  at ve ry  low c o n c a n a v a l i n  A con-  

c e n t r a t i o n s  (1 /~g /ml ) .  

Discussion 

T h e  resul ts  o f  the p re sen t  s tudy  d e m o n s t r a t e  
tha t  45Ca 2+ b i n d i n g  to c o n c a n a v a l i n  A and  p h y t o -  

h a e m a g g l u t i n  m a y  easi ly cause  an  a p p a r e n t  

a r t e fac tua l  increase  in 4SCa2+ inf lux in to  cells. T h e  

s t r o n g  b i n d i n g  of  Ca  2+ to c o n c a n a v a l i n  A may,  

however ,  be  used as a s imple  qua l i t a t i ve  assay for 
the  b ind ing  of  the  lect ins  to cells. In  Ca  2÷ flux 

s tud ies  wi th  cells  it is of  i m p o r t a n c e  to ensure  that  
the  ac t ive  c o n c a n a v a l i n  A - C a  2+ c o m p l e x  [10] has 
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been formed before addition of the lectin to cells. 
This may well partially explain differences ob- 
served in various laboratories concerning lectin-in- 
duced Ca 2÷ fluxes [7-9,11]. 

Borle [14] has stressed the importance of using 
steady-state conditions in Ca 2+ flux studies on 
intact cells. Under such conditions, we observe an 
increase in 45 Ca2+ influx into rat spleen cells upon 
addition of concanavalin A or phytohaemagglutin 
while the net Ca 2+ gain is modest. The lack of 
Ca 2+ uptake is probably due to a simultaneous 
increase in Ca 2÷ efflux as a response to an in- 
crease in the cytosolic Ca 2+ concentration. Tsien 
et al. [6] have observed a doubling of the cytosolic 
Ca 2+ activity of lymphocytes upon addition of 
concanavalin A or phytohaemagglutin as mea- 
sured by using a permeable fluorescent Ca 2 + indi- 
cator. In other systems, a doubling of net Ca 2+ 
uptake causes a change of one to two orders of 
magnitude in the cytosolic Ca 2+ activity [13]. Thus, 
very little net gain of Ca 2÷ in lymphocytes is 
expected. 

Our results show a good correlation between 
concanavalin A binding to cells and 4SCa2+ influx, 
although at very low (optimal mitogenic) con- 
centrations no increase in influx while enhanced 
Ca 2 + efflux is observed. It has been demonstrated 
previously that about 10% concanavalin A recep- 
tor occupancy is required for mitogenesis [17]. 
Thus, our results are in agreement with those of 
Hesketh et al. [9], who observed an increase in 
Ca 2+ influx, which correlated with loss of DNA 
synthesis (48 h after lectin addition) at high con- 
canavalin A concentrations. However, even at high 
concanavalin A concentrations D N A  synthesis is 
normally activated (or even enhanced) if con- 
canavalin A is removed by addition of a-methyl- 
mannoside after 5 h incubation [19]. Thus, Ca 2+ 
may well be the initial trigger in mitogenic T- 
lymphocyte activation. A prolonged large increase 
in the cytosolic Ca 2+ induced by mitogens would 
cause a strain on intracellular Ca 2+ buffers such as 
mitochondria [20] and other active Ca 2 + -transport 
systems like those in the plasma membrane [18]. 
At low concentrations of the mitogens, Ca 2+ in- 
flux may be compensated for by an increase in 
efflux leading only to a small increase in the 
cytosolic Ca 2+ activity throughout the 24 h re- 
quired for commitment  to D N A  synthesis [19]. 

Furthermore, the possibility that Ca 2 ÷ is released 
from internal storage sites as in the case of skeletal 
muscle and various other tissues [14,21,22] ought 
to be considered. 
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