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Regulation of receptor-mediated calcium influx across the plasma membrane 
in a human leukemic T-cell line: evidence of its dependence 
on an initial calcium mobilization from intracellular stores 
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It has been repeatedly sho~a that stimulation of a human leukemic T-cell line, JURKAT,  by iectins such as 
phytohaemagglutinin and anti-T3 antibody (OKT3) leads to an elevation in the concentration of cytosolic 
free Ca 2. This Ca z+ transient results from both an intracellular mobilization and an influx of Ca 2+ through 
specific membrane channels. The  objective of this study was to investigate the mechanism by which 
receptor-mediated influx of Ca z+ is regulated in J URKAT cells, which demonstrably lack 'voltage-dependent 
calcium channels'. It was found that upon increased loading with quin2 or 1,2-bis(2-aminophenoxy)ethane- 
N , N , N ' , N ' - t e t r a a c e t a t e  (BAPTA) there was a pronounced decline of both phytohaemagglutinin-stimulated 
and OKT3-stimulated influx of 4SCa2+. Using 15/~M q u i n 2 / A M  or 30 /~M B A P T A / A M ,  agonist-stimu- 
lated 4SCa z + influx was almost totally abolished. At these concentrations of both q u i n 2 / A M  or B A P T A / A M ,  
phytohaemagglutinin and OKT3 could still induce a rise of cytosolic free Ca z+ above 200 nM. In the 
presence of La 3+ (200 /~M), which completely inhibited the agonist-induced 4SCaZ+ influx, both phyto- 
haemagglutinin and OKT3 were able to raise the concentrations of cytosolic free Ca z+ to well above 200 nM 
by merely mobilizing Ca z+ from intracellular stores alone. The data suggest that an agonist-induced increase 
in the concentration of cytosolic free Ca 2+, due to mobilization from intracellular stores, could either 
directly or indirectly, initiate receptor-mediated Ca z+ influx across the plasma membrane in J U R K A T  cells. 

* Present address: Department of Cell Biology, University of 
LinkSping, Sweden. 

Abbreviations: Ptdlns(4,5)P2, phosphatidylinositol 4,5-bis- 
phosphate; Ptdlns(4)P, phosphatidylinositol 4-phosphate; 
Ptdlns, phosphatidylinositol; InsP 3, inositol trisphosphate 
lnsP, inositol monophosphate; InsP 2, inositol bisphosphate; 
Ins(1,3,4)P3, inositol 1,3,4-trisphosphate; Ins(1,4,5)P3, inositol 
1,4,5-trisphosphate; Ins(l,3,4,5) P4, inositol 1,3,4,5otetra- 
kisphosphate; PHA, phytohaemagglutinin; Hepes, 4(-2- 
hydroxyethyl)-l-piperazineethanesulfonic acid; BAPTA, 1,2- 
bis(2-aminophenoxy)ethane-N,N,N ",N "-tetraacetate; DMSO, 
dimethyl sulfoxide. 
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Introduction 

In a wide variety of cells, l igand-receptor  inter- 
actions lead to the activation of a membrane-  
bound phospholipase C which results in an in- 
creased breakdown of Ptdlns(4,5)P 2 and the accu- 
mulation of diacylglycerol and various inositol 
phosphates [1-3]. This leads to the activation of 
protein kinase C and a rise in the concentration of 
cytosolic free Ca 2+, both of which are considered 
as major components  of intracellular signal trans- 
duction [1,2,4,5]. A receptor-mediated increase of 
the cytosolic free Ca 2+ concentration usually re- 
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suits from, both the mobilization of Ca 2+ from 
intracellular stores and increased influx of Ca 2+ 
across the plasma membrane from the extracellu- 
lar milieu [6,7]. 

The mobilization of Ca 2+ from intracellular 
stores has been shown in a variety of cell types to 
be mediated by an increased accumulation of 
Ins(1,4,5)P3, which binds to specific receptors on 
intracellular organelle(s) resulting, in Ca 2+ release 
into the cytosol [8,9]. The influx of Ca 2+ across 
the plasma membrane is mediated via Ca 2+ chan- 
nels, which exhibit different characteristics in dif- 
ferent cell types. In excitable cells, 'voltage-gated 
calcium-channels' are activated following de- 
polarization of the plasma membrane [10,11], 
whereas in other cell types these channels are not 
gated by membrane potential, but require a 
l igand-receptor interaction and are thus referred 
to as "receptor-operated calcium channels' [12,13]. 
It is still unclear whether this type of channel is a 
component of the receptor complex or if it is 
physically separated from the receptor. Pertussis 
toxin has been shown to block agonist-induced 
Ca 2+ influx as well as the production of inositol 
phosphates in human neutrophils and differenti- 
ated HL60 cells [14,15]. On this basis, it is tempting 
to speculate that the increased breakdown of poly- 
phosphoinositide, either directly or indirectly, is 
involved in the regulation of Ca 2+ influx through 
this type of channel. Consequently, it has been 
suggested that the majority of these 'receptor-op- 
erated calcium channels' should be referred to as 
'second-messenger calcium channels' [16]. This 
idea has gained further support by the findings of 
other workers [17-22]. 

The 1,4,5-isomer of InsP 3, which is generally 
considered to act merely as a mobilizer of C a  2+ 

from intracellular stores, has been demonstrated 
to activate certain transmembrane Ca 2+ channels. 
This type of channel appears to be identical to the 
recently described mitogen-stimulated, voltage-in- 
sensitive Ca2+-permeable channel present in 
activated T-cells [22]. Rink and Sage [23] recently 
reported that in human platelets the initial event 
in the Ca 2+ transient in cells, stimulated with 
thrombin, was the influx of C a  2+ a c r o s s  the plasma 
membrane from the external milieu and not the 
mobilization of Ca 2+ from intracellular stores. It 
can be reasoned that if Ins(1,4,5)P 3 is formed in 

the plasma membrane and if it is responsible for 
both the influx and the intracellular mobilization 
of Ca 2+, then it is more likely that the Ca 2§ influx 
would oc6ur before the mobilization of Ca 2§ from 
intracellular stores. 

Alternatively, Irvine and Moor [17,18] pro- 
posed that Ins(1,3,4,5)P 4 is the second messenger 
that controls the influx of Ca 2+ across the plasma 
membrane. They demonstrated that Ins(1,3,4,5)P 4 
in the presence of Ins(1,4,5)P 3 could regulate Ca 2+ 
entry following activation of sea-urchin eggs. 
Another recent study by Imboden and Weiss [19] 
also demonstrated that Ins(1,3,4,5)P 4 by itself is 
insufficient to sustain the increased level of cyto- 
solic free Ca 2+. They showed that the sustained 
increase in the concentration of cytosolic free 
Ca 2§ although dependent on extracellular Ca 2§ 
influx, is regulated by Ins(1,4,5)P3-mediated Ca 2§ 
mobilization from intracellular stores, von 
Tscharner and co-workers [20] have reported that 
in human neutrophils this type of Ca 2+ channel is 
regulated by the concentration of cytosolic free 
Ca 2§ itself, thus suggesting a direct role for the 
Ca 2+ released from intracellular stores, in regu- 
lating the subsequent influx of Ca 2§ across the 
plasma membrane. It has also been speculated 
that Ca 2+ influx into the cells, upon stimulation of 
its receptors, could be due to the formation of an 
agonist-receptor complex or transduction mecha- 
nisms that are distinct from the intrinsic levels of 
cytosolic free Ca 2§ [21]. 

In the present study, we have examined whether 
or not the opening of 'second-messenger calcium 
channels' in J U R K A T  cells is dependent on an 
initial mobilization of Ca 2§ from intracellular 
stores. 

Experimental procedures 

Chemicals. OKT3 monoclonal antibody was 
purchased from Ortho Diagnostic System, N J, 
U.S.A. Purified phytohaemagglutinin was from 
Wellcome Laboratories, U.K. Qu in2 /AM and 
Quin2-free acid were obtained from Calbiochem, 
La Jolla, CA, U.S.A. 45Ca 2+ was obtained from 
New England Nuclear, Dreieich, F.R.G. myo- 
[3H]Inositol was obtained from Amersham, 
Amersham, U.K.  Lanthanum chloride was 



purchased from Sigma Chemical CO. St. Louis, 
MO, U.S.A. B A P T A / A M  was purchased from 
Molecular Probes (Eugene, OR, U.S.A.). All other 
reagents used were of  analytical grade. 

Cell culture. Jurkat cells, a human T-cell acute 
lymphoblastoid leukemia-derived cell line, were 
maintained in tissue culture medium (RPMI 1640) 
supplemented with 107o heat-inactivated fetal calf 
serum at 37~  in a humidified 5% COJ9570 air 
incubator. Penicillin (100 uni ts /ml)  and strep- 
tomycin (50 # g / m l )  were also included in the 
culture medium [24]. 

Determination and manipulation of the con- 
centration of cytosolic free Ca 2 +. The technique of 
loading cells with quin2 has been described previ- 
ously [21,24,25]. Certain adjustments of this tech- 
nique were made in the present study. Cells were 
loaded with various qu in2 /AM or BAPTA/AM 
at a density of 6 .106  cells/ml (total volume, 5 ml) 
in their normal culture mediiam for 60 min at 
37~ After which, the cells were washed and 
resuspended in their normal culture medium. For 
the determination of  autofluorescence, control cells 
were incubated with a similar concentration of 
DMSO. Immediately before use, a sample of the 
cell suspension was centrifuged and resuspended 
in medium containing 138 mM NaCI/6  mM 
KCI/1  mM MgSO4/1.1 mM CaCI2/0.1 mM 
E G T A / 1  mM NaHPO4/5 mM NaHCO3/5.5 mM 
glucose/20 mM Hepes (pH 7.4). (This medium 
will be referred to here as 'calcium medium'). For 
the experiments with LaCI3, this medium was 
modified by excluding all phosphates [12]. Mea- 
surements of fluorescence were performed with a 
Perkin-Elmer fluorimeter (LS3B). The cuvette 
holder was thermostated at 37~  and was 
equipped with a continuous stirring device. Each 
cuvette contained (1.5-2.0)- 10 6 cells/ml in a total 
volume of 2 ml. Excitation and emission wave- 
lengths were 339 nm and 492 nm, respectively. 
The intracellular concentration of quin2-free acid 
was measured by comparing the calcium-depen- 
dent fluorescence of a standard solution of quin2- 
free acid in the presence of unloaded cells, also 
treated with 0.170 (v/v)  Triton X-100 in a 
calcium-containing medium [26]. 

45Ca2+ influx experiments. Jurkat cells (6-106 
cells/ml) were incubated with various concentra- 
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tions of q u i n 2 / A M  or B A P T A / A M  in their nor- 
mal culture medium for 1 h at 37 o C. Control cells 
were treated in the same manner a n d  were ex- 
posed to an equal volume of DMSO. After 1 h 
incubation, the cells were washed and resuspended 
in the calcium medium used for quin2 fluores- 
cence studies. For  measurements of Ca 2+ influx, 
45CAC12 (1 FCi) was added to each tube of ceils 
and allowed to equilibrate for 5 min at 37~ 
OKT3 (1:400) monoclonal antibody or phyto- 
haemagglutinin (1 Fg /ml )  was used to stimulate 
the cells. When LaCl 3 was used, it was added to 
the cell suspensions 1 min before the stimulation 
with either agonist. After 5 min, the cells were 
transferred to ice and the cells were separated 
from the extracellular medium using a Millipore 
12-place filtration apparatus. Cel ls  were subse- 
quently collected on filters (Millipore, type HA; 
pore size 0.45 Fm), washed with 3 • 5 ml of cold 
phosphate-buffered saline, dried and counted  in 
10 ml Aquasol solution. Calcium influx was 
calculated as percentage of control (unstimulated) 
cells. 

Determination and separation of inositol phos- 
phates. Jurkat cells (1 �9 106 cells/ml) were loaded 
with myo-[3H]inositol (2 FCi /ml )  for 24 h in 
RPMI 1640 minus inositol, supplemented with 
10% fetal calf serum at 37~ After 24 h, the cells 
were washed three times with phosphate-buffered 
saline and resuspended in their culture medium at 
6 -106  cel ls /ml and incubated with 15 mM 
qu in2 /AM or 30 /tM B A P T A / A M  for 1 h at 
37 o C. The cells were then washed and 1 �9 107 cells 
were resuspended in 250 FI of the Ca 2+ medium 
and allowed to equilibrate for 5 rain at 37~ 
Cells were stimulated with OKT3 (1:400)  or phy- 
tohaemagglutinin (1 # g / m l )  for 15 s and 
terminated by the addition of 250 #1 of 3070 
trichloroacetic acid. The samples were then put on 
ice for 15 min and centrifuged. The sample super- 
natants were washed three times with a 5-fold 
excess of diethyl ether, adjusted to pH 7.5 with 
Tris buffer (0.2 M), and the inositol phosphates 
were separated by stepwise elution from Dowex 
(formate) columns as described previously [26,27]. 
The radioactivity of the different fractions was 
determined by liquid scintillation counting with 
6770 (v/v)  Aquasol. 
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Results 

Effect of the buffering capacity of  quin2 or BAPTA 
on agonist-sthnulated 45Ca 2 + influx and hlsP 3 pro- 
duction 

As shown in Fig.  1, q u i n 2 / A M  as well as 
B A P T A / A M  caused  a concen t r a t i on -dependen t  
decrease  in 45Ca2+ influx into  the  cells when they 

were s t imula ted  with  e i ther  O K T 3  ( 1 : 4 0 0 )  or 
phy tohaemagg lu t i n in  (1 F g / m l ) .  A t  15 -20  F M  
q u i n 2 / A M  or  30 / tM B A P T A / A M ,  the 45Ca2+ 

uptake ,  s t imula ted  by  ei ther  agonis t ,  was tota l ly  
inhibi ted .  S t imula t ion  with,  b o t h  O K T 3  and phy-  
tohaemagglu t in in  led to a r a p i d  and significant 
accumula t ion  of  I n s P  3 in J U R K A T  cells (280% 
and  250% of  basal ,  respectively).  Us ing  concentra-  
t ions of  q u i n 2 / A M  and  B A P T A / A M  which 
a b o l i s h e d  a g o n i s t - s t i m u l a t e d  45Ca 2+ up take ,  

ne i ther  phy tohaemagg lu t i n in -  nor  O K T 3 - s t i m u -  
la ted  fo rmat ion  o f  I n s P  3 was s ign i f ican t ly  affected 
( d a t a  not  shown).  

Effect of the buffering capacity of quh12 on agonist- 
stimulated increase #~ cytosolic free Ca 2 + 

J U R K A T  cells,  loaded  with  increas ing  con-  
cen t r a t ions  of  quin2,  were s t imu la t ed  wi th  e i ther  
O K T 3  or  phy tohaemagg lu t in in  and  changes  in the  
concen t ra t ion  o f  cytosol ic  free Ca 2+ were  moni -  
to red  by  spec t ro f luo romet ry  (Fig.  2). The re  was a 
r a p i d  d rop  in the  cytosol ic  free Ca  2+ level when 
the  q u i n 2 / A M  concen t ra t ion  was inc reased  f rom 
5 to 20 # M .  But when the concen t r a t i on  of  
q u i n 2 / A M  was fur ther  increased to 60 # M  there  
was a less p r o n o u n c e d  decrease.  T h e  concen t r a -  
t ion of cy toso l ic  free Ca 2+ in res t ing cells was 
taken  as 100%. Al l  agon i s t - induced  increases  in 
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Fig. 1. Effect of increased quin2 or BAPTA buffering on agonist-stimulated uptake of 4SCa 2+. JURKAT cells (6-106) were loaded 
with various concentrations of quin2 for 1 h at 37 o C, washed and resuspended in the calcium-containing medium. 4SCa2+ (1 FCi) 
was added to each sample 5 min before stimulation with either OKT3 (1:400; A) or phytohaemagglutinin. 5 min after stimulation, 
the cells were harvested as described in Materials and Methods. The agonist-stimulated uptake of 45 Ca 2+ is expressed as a percentage 
of the value obtained from non-loaded cells. In panel A, the activity in non-loaded cells were (1.9 +_ 0.2)-10 s cpm and (2.4 + 0.9). 10 s 
cpm for OKT3 and phytohaemagglutinin, respectively. In panel B, the activity in non-loaded cells were (5.4+0.3).104 cpm and 

(6.6 + 0.6)-104 cpm for OKT3 and phytohaemagglutinin, respectively. Values are mean + S.E. and n = 4-6. 
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Fig. 2. Effect o f  increased quin2-buffering on agonist-stimu- 
lated increase in cytosolic free Ca 2+. JURKAT cells were 
loaded with various concentrations of quin2 for 1 h at 37~ 
Prior to measuring quin2 fluorescence, 2-106 cells were centri- 
fuged and resuspended in 2 ml of  the calcium containing 
medium. After a stable base line was attained, the cells were 
stimulated with 1:400 OKT3 (~t) or 1 /xg/ml phytohaemag- 
glutinin (e). Cytosolic free Ca 2+ concentrations are expressed 
as a percentage of the basal level of resting cells prior to 
stimulation. The basal levels of cytosolic free Ca 2+ were 
121 + 36 nM and 103___ 18 nM for OKT3 and phytohaemagg- 
lutinin, respectively. Values shown are mean__S.E, of n where 

n = 3 .  

the cytosolic free Ca 2+ concentration were ex- 
pressed as a percentage of the resting level with 
the same quin2 loading. In cells which had been 
incubated with 15 ttM qu in2 /AM (a concentra- 
tion which inhibits most of the 45Ca 2+ uptake) for 
1 h, the agonists could still raise the cytosolic free 
Ca 2+ concentration to 231 4-26 nM (n = 3) and 
182-1-11 ( n =  3) for OKT3 and phytohaemag- 
lutinin, respectively. 

Effect of the buffering capacity of  BA P TA ,/A M on 
agonist-stimulated increase in cytosolic free Ca e + 

J U R K A T  ce l l s ,  i n c u b a t e d  w i t h  5 / t M  

q u i n 2 / A M  a n d  30 ~ M  B A P T A / A M ,  were  s t imu-  

l a ted  wi th  e i t he r  O K T 3  o r  p h y t o h a e m a g g l u t i n i n  

a n d  changes  in the  c o n c e n t r a t i o n  o f  cy toso l i c  free 

C a  z+ were  f o l l o w e d  in a s p e c t r o f l u o r o m e t e r .  In  

Fig.  3, u s ing  a B A P T A / A M  c o n c e n t r a t i o n  (30 

/~M) wh ich  to t a l l y  i n h i b i t e d  a g o n i s t - i n d u c e d  
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45Ca 2+ influx (see Fig. 1), both OKT3 and phyto- 
haemagglutinin could still raise the peak level of 
cytosolic free Ca 2+ to well above 200 nM (245 + 4 
nM; n = 6 and 210 + 11 nM; i1 = 6, respectively). 

Effect of La 3+ on agonist-stimulated 45Ca 2 + influx 
A d d i t i o n  o f  i nc r ea s ing  c o n c e n t r a t i o n s  o f  La  3+ 

led to a c o r r e s p o n d i n g  dec rease  in a g o n i s t - s t i m u -  
l a t ed  u p t a k e  o f  45Ca 2+ (Fig.  4). T h e  a d d i t i o n  o f  

La  3+ to t he  cel ls ,  a f t e r  e q u i l i b r a t i o n  a n d  j u s t  be -  

fo re  a g o n i s t - s t i m u l a t i o n  (1 min) ,  d i d  n o t  a l te r  t he  
basa l  u p t a k e  o f  45Ca2+ (not  shown) .  W e  f o u n d  

tha t  200 ~ M  La  3+ c o u l d  to ta l ly  b lock ,  b o t h ,  O K T 3  

a n d  p h y t o h a e m a g g l u t i n i n - s t i m u l a t e d  in f lux  o f  
45Ca2+. W e  then  used  200 # M  La  3+ for  s tud ies  o n  

a g o n i s t - i n d u c e d  m o b i l i z a t i o n  o f  i n t r a c e l l u l a r  C a  2 § 
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Fig. 3. Effect of BAPTA-buffering on agonist-stimulated in- 
crease in cytosolic free Ca 2+. JURKAT cells were loaded with 
5/~b,f quin2/AM and 30/ tM BAPTA/AM for 1 h at 37~ 
Prior to measuring quin2 fluorescence, 2-106 cell were centri- 
fuged and resuspended in 2 ml of the calcium-containing 
medium. After a stable base line was attained, the cells were 
stimulated with either 1:400 OKT3 or 1 t tg/ml phytohaemag- 
glutinin. Trace (a) represents cells that is loaded vAth quin2 
alone and trace (b) represents cells loaded with both quin2 and 
BAPTA. The traces shown are representative of six similar 

experiments. 



212 

o 200- 
r 
o o 
"6 

~ 150- 

o 10o- 

6 5=0 1(~0 150 2~)0 
concentratk~ of La 3+ in pM 

Fig. 4. Effect of La 3+ on agonist-stimulated uptake of 4SCa 2+. 
JURKAT cells were incubated with 4SCa2+ (1 p.Ci/ml) for 5 
min at 37 ~ in calcium-containing medium lacking phosphate 
prior to stimulation with either 1:400 OKT3 (~,) or 1 /tg/ml 
phytohaemagglutinin (o). Where included, La 3+ w~is added 1 
min prior to stimulation with either agonist. The cells were 
harvested 5 min after agonist stimulation as described in the 
legend to Fig. 1 and in Materials and Methods. Agonist-stimu- 
lated 4SCa2+ uptake is expressed as a percentage of the control 
values of unstimulated cells. The activities in control cells were 
(1.3+0.3).105 cpm and (1.4+0.3).105 cpm for OKT3 and 
phytohaemagglutinin, respectively. Values are means+S.E. 

where n = 4 experiments. 

Agonist-stimulated mobilization of intracelhdar 
Ca 2+ 

Fig.  5 shows that  add i t i on  of  La  3+ ( 2 0 0 / t M )  to 
the cells 1 min before  s t imula t ion  s ignif icant ly  
reduced  the cytosol ic  free Ca a+ concen t ra t ion  in- 
duced  by  e i ther  agonis t  ( lower a n d  uppe r  panels).  
In  the presence of  La  3§ the Ca 2+ t ransient  peaked  
at  approx.  300 n M  and exh ib i t ed  much shor ter  
du ra t ion  (less than  5 min). In  the  absence  of  La  3§ 
the dura t ion  of  the agon i s t - induced  cytosol ic  free 
Ca 2+ t rans ient  was approx .  26 for  bo th  agonists.  

Discussion 

Ac t iva t ion  of  J U R K A T  cells b y  lect ins or  anti-  
T3 a n t i b o d y  leads to a r ap id  increase  in the con-  
cen t ra t ion  of  cytosol ic  free Ca 2+ [19,24]. This in- 
crease  in the concen t ra t ion  of  cy tosol ic  free Ca 2§ 
is bel ieved to resul t  f rom bo th  in t race l lu la r  mobi l i -  
za t ion  and inf lux o f  Ca 2§ across  the p l a sma  mem-  
b r a n e  [28]. In  con t ras t  to exc i t ab l e t i s sues ,  such as 
muscle,  nerves and  adrena l  g lomeru losa  cells, 
J U R K A T  cells have been shown to lack ' vo l t age -  
ga ted  Ca 2§ channels '  [29]. I n s t ead  they possess 
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Fig. 5. Agonlst-stimu]ated mobilization of intracellu]ar Ca 2+. 
JURKAT cells were incubated with quin2/AM (5/tM) for I h 
at 37~ Cells (2-106) were spun down and resuspended in a 
calcium-containing medium lacking phosphate ions. The cells 
were stimulated with either OKT3 (1 : 400; top panel) or phyto- 
haemagglutinin (1 /tg/ml; lower panel); (a) represents cells 
stimulated with either OKT3 or phytohaemagglutinin alone, 
while (b) represents cells pretreated with La 3+ (200/tM) for 1 
rain prior to stimulation with either OKT3 or PHA. The traces 

shown are representative of six similar experiments. 

wha t  might  be  genera l ly  referred to as ' s e c o n d -  
messenger  Ca  2+ channels '  [16]. 

In the p resen t  s tudy,  we have  used the h u m a n  
T- leukemic  cell l ine ( J U R K A T )  to test the hy-  
pothes is  that  changes  in the concen t r a t i on  of  cy to -  
sol ic  free Ca 2+ would  be involved  in the regu-  
la t ion  of Ca  2+ en t ry  across the p l a s m a  m e m b r a n e  
[20]. The  ab i l i ty  of  quin2 and  B A P T A  to act as 
Ca  2§ che la tors  [21,30-32] was used  to test this 
hypothes is .  Increas ing  concen t ra t ions  of  bo th  che-  
la tors  were ab le  to inhibi t  45Ca2+ inf lux when the 
cells were s t imula ted  with  e i ther  O K T 3  or  phy to -  
haemagglu t in in .  Our  results  also d e m o n s t r a t e  that  
an  ini t ial  increase  in quin2 load  (up to 20 / tM 
q u i n 2 / A M )  led to a more  r a p i d  dec l ine  of  the  
cytosol ic  free Ca  2+ transient .  A fur ther  increase  in 
q u i n 2 / A M  concen t ra t ion  caused  a less p ro -  
nounced  effect.  This  ind ica ted  that  apai ' t  f rom 
ac t ing  as a ' c a l c ium sink ' ,  an ini t ia l  increase  of  



quin2 concen t ra t ion  in the cy toso l  would also 
affect  other  i m p o r t a n t  e lement(s)  involved in the 
regula t ion o f  ca lc ium homeos tas i s  in these cells. 
Since the same concen t ra t ions  of quin2 also 
b locked  the agon i s t - induced  u p t a k e  of 45Ca 2+, our 

da t a  s t rongly  suggest  that  the init ial  rap id  de- 
crease in cytosol ic  free Ca  2§ can  be expla ined  by  
the inh ib i t ion  of  agon i s t - induced  Ca 2+ influx. 

W e  found that  at  a cer ta in  concen t ra t ion  of 
quin2,  both  agonis ts  were still ab l e  to increase  the 
cytosol ic  free Ca 2+ concen t ra t ion  to above  200 
nM,  even though Ca 2+ influx across  the p lasma  
m e m b r a n e  was abol ished.  This  ind ica tes  that  for 
the ac t iva t ion  of Ca2+-influx,  i t  is first necessary 
to raise  the cytosol ic  free Ca 2+ level to about  200 
riM. This in te rp re ta t ion  is fur ther  suppor t ed  by 
the da t a  ob ta ined  using a B A P T A / A M  concent ra-  
t ion (30 # M ) ,  which inh ib i t ed  agonis t - induced  
45Ca2+ influx. At  this concen t ra t ion  of  B A P T A /  
A M ,  both  agonis ts  could  still ra ise  the  cytosol ic  
free Ca 2§ level to above  200 n M .  Us ing  a con-  
cen t ra t ion  of  La 3+ that  to ta l ly  b locked  the 
agon is t - induced  up take  of  45Ca2+, it was possible  

to demons t r a t e  that ,  bo th  O K T 3  and  phyto-  
haemagglu t in in  were able  to ra ise  the concentra-  
t ion of  cytosol ic  free Ca 2+ to well  above  200 nM. 
Thus,  mobi l i za t ion  of Ca  2§ f rom in t racel lu lar  
s tores alone can elevate  the concen t ra t ion  of  cyto-  
solic free Ca 2§ well above  200 nM.  

A l though  incuba t ion  of  J U R K A T  cells with 
q u i n 2 / A M  or  B A P T A / A M  affec ted  nei ther  
O K T 3  nor  phy tohaemagg lu t i n in  s t imula ted  I n s P  3 
p roduc t ion ,  we do  not  know whe the r  the reduc-  
t ion of  the Ca  2§ t ransient  might  lower  the level of  
a pu ta t ive  inosi to l  phospha t e  formed,  which could 
ini t ia te  the inf lux of  Ca 2§ in these  cells. In fact, it 
has b6en shown that  a reduc t ion  of  the concent ra-  
t ion of  cytosol ic  free Ca 2§ lowers  the act ivi ty  of  
Ins(1,4 ,5)P 3 3-kinase  thus decreas ing  the levels of  
Ins(1,3,4,5)P4 and  subsequent ly  also the  levels of 
Ins(1,3,5)P 3 [33-35] .  Consequent ly ,  our  f indings 
that  a reduc t ion  of  the concen t ra t ion  of  cytosol ic  
free Ca 2§ regulates  the inf lux of  Ca  2+ could  occur  
via reduced  levels of  inosi tol  phospha tes .  How- 
ever, the present  da t a  s t rongly  ind ica te  that  the 
direct  ra te - l imi t ing  cont ro l  is exer ted  by  Ca 2+ 
re leased f rom in t race l lu lar  stores.  

In  conclusion,  in the J U R K A T  cell l ine the 
ini t ia l  agon is t - induced  increase  of  the cytosol ic  
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free Ca 2+ concen t ra t ion ,  due  to mobi l i za t ion  of  
Ca  2§ f rom in t race l lu la r  stores, is the  cri t ical  ra te-  
l imi t ing fac tor  which direct ly  or  ind i rec t ly  regu-  
la tes  the subsequen t  en t ry  of Ca  2+ in to  these cells. 
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