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Breakdown of phosphatidylinositol 4,5-bisphosphate in a T-celi leukaemia line
stimulated by phytohaemagglutinin is not dependent on Ca2- mobilization
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Addition of phytohaemagglutinin (PHA) to the [32P]Pi-prelabelled JURKAT cells, a
human T-cell leukaemia line, resulted in a decrease of [32P]phosphatidylinositol 4,5-
bisphosphate [PtdIns(4,5)P2] to about 35% of the control value. The decrease was
almost complete within 30s after the PHA addition. This decrease was followed by an
increase in the 32P-labelling of phosphatidic acid (maximally 2.8-fold at 2min). The
stimulation of myo-[2-3 H]inositol-prelabelled JURKAT cells by PHA induced an
accumulation of [2-3 H]inositol trisphosphate in the presence of 5 mM-LiCl. The result
indicates hydrolysis of PtdIns (4,5)P2 by a phospholipase C. The PHA stimulation of
JURKAT cells induced about 6-fold increase in the cytosolic free Ca2+ concentra-
tion, [Ca2+],, which was reported by Quin-2, a fluorescent Ca2+ indicator. Studies
with partially Ca2+-depleted JURKAT cells, with the Ca2+ ionophore A23187, and
with 8-(diethylamino)-octyl-3,4,5-trimethoxybenzoate indicate that the breakdown of
PtdIns(4,5)P2 is not mediated through changes of [Ca2+],. These results therefore
indicate that the PHA-induced breakdown of PtdIns(4,5)P2 in JURKAT cells is not
dependent on the Ca2+ mobilization.

Activation ofone family of cell-surface receptors
for intercellular messages, including hormones,
neurotransmitters and antigens, brings about a rise
in [Ca2+], in stimulated cells (Ca2+ mobilization).
Stimulus-induced Ca2+ mobilization in a wide
variety of cells is associated with enhanced break-
down of inositol lipids; and this breakdown is
usually followed by a compensatory resynthesis,
with phosphatidic acid as a key intermediate in
this process. It has been proposed that the
receptor-stimulated breakdown of inositol lipids
functions in the translation of intercellular mes-
sages into a rise in the [Ca2+], (for reviews, see
Michell, 1975, 1979; Michell & Kirk, 1981;
Berridge, 1984).
Lymphocytes stimulated by polyclonal T-cell

mitogens, e.g. ConA and PHA, are known to
exhibit the receptor-stimulated inositol lipid meta-
bolism (Fisher & Mueller, 1968; Masuzawa et al.,
1973; Maino et al., 1975; Hasegawa-Sasaki &
Sasaki, 1981, 1982). The T-cell mitogens initiate

Abbreviations used: ConA, concanavalin A; [Ca2+]*,
cytosolic free Ca2+ concentration; PHA, phytohaem-
agglutinin; Ptdlns, phosphatidylinositol; PtdIns4P,
phosphatidylinositol 4-phosphate; Ptdlns(4,5)P2, phos-
phatidylinositol 4,5-bisphosphate; InsP3, inositol tris-
phosphate; InsP2, inositol bisphosphate; TMB-8, 8-
(diethylamino)-octyl-3,4,5-trimethoxybenzoate.

blast transformation and mitosis in small resting
lymphocytes. The T-cell proliferative response
results from the interaction of three or more
distinct types of cells, such as interleukin-2
producer precursor and interleukin-2 responder
precursor. The plant lectins presumably have an
effect on each of these cells either in the induction
of the synthesis and secretion of lymphokines or in
the expression of lymphokine receptors (Larsson &
Coutinho, 1979; Robb et al., 1981; Smith &
Ruscetti, 1981; Palacios, 1982). The lymphocytes
prepared from lymph nodes and peripheral blood
consist of various cell types, and it is possible that
only a small fraction of the lymphocyte population
participates in the stimulated inositol lipid meta-
bolism previously studied. In order to understand
the early processes in T-lymphocytes which are set
in motion by the lectins, we studied the effect of
PHA on the inositol lipid metabolism of human T-
lymphoid cell lines. A human T-lymphoblastoid
cell line designated CCRF-CEM was found to
respond to PHA with rapid hydrolysis of inositol
lipids, whereas the other four human T-lymphoid
cell lines screened, PEER, MOLT-4f, RPMI-8402
and SKW-3, were negative in this response to PHA
(Hasegawa-Sasaki & Sasaki, 1983). The cell-
biological effect of PHA on CCRF-CEM cells is
not known. In the present paper, a human T-cell
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leukaemia line designated JURKAT-FHCRC was
used to study the early processes in T-lymphocytes
induced by T-cell mitogens. JURKAT cells pro-
duce relatively high quantities of interleukin-2
after a 6-24h stimulation with either PHA or
ConA (Gillis & Watson, 1980). The stimulus-
induced Ca2+-mobilization and the receptor-
stimulated breakdown of PtdIns(4,5)P2 were
measured in parallel in order to learn the inter-
relation of these two cellular events.

Materials and methods
Cell culture
JURKAT-FHCRC cells were kindly supplied

by Dr. James Watson (University of Auckland).
The cells were cultured in RPMI 1640 medium
supplemented with 6.7% (v/v) heat-inactivated
(56°C for 30min) foetal-calf serum, 50 units of
pencillin/ml, 50jg of streptomycin/ml, and 300jg
of L-glutamine/ml.

Phospholipid analysis of [32P]Pj-prelabelled JUR-
KAT cells stimulated by PHA

Cultured JURKAT cells were suspended at 107
cells/ml in a medium containing 501uCi of carrier-
free [32P]P, (Japan Atomic Energy Research
Institute)/ml. The medium was a mixture
(84.6:15.4, v/v) of Pi-free Tris-buffered saline
(Hasegawa-Sasaki & Sasaki, 1981) and an iso-
osmotic solution of substrates (Krebs, 1950). After
labelling at 37°C for 1 h, cells were washed twice
with themedium and suspended at 107 cells/ml in Pi-
free Tris-buffered saline. Portions (0.25 ml) of the
cell suspension were transferred to warmed test
tubes containing either 5pl (12.5pg of protein) of
PHA (leucoagglutinin; Sigma) or 5p1 of 0.9%
NaCl and then incubated at 37°C for the indicated
period of time. The incubation was stopped by
addition of 1 ml of chloroform/methanol/conc.
HC1 (100:200:1, by vol.) The mixture was parti-
tioned into two phases by addition of 0.33 ml each
of chloroform and 0.1M-HCI. Insoluble residues
were re-extracted with 2ml of chloroform/
methanol/conc. HCI (200 :100 :1, by vol.). The
second extract was partitioned into two phases.
The first and second lower phases were combined
and washed three times with new upper phase.
PtdIns(4,5)P2, PtdIns4P, PtdIns, phosphatidic
acid, and other phospholipids in the extracts were
separated by two-dimensional t.l.c. on silica gel
H plates impregnated with 1% potassium ox-
alate/2mM-EDTA. Chloroform/methanol/aq. 4M-
NH3 (9:7:2, by vol.) and butanol/acetic acid/
water (6:1 :1, by vol.) were used as developing
solvents in the first and second dimensions
respectively. Phospholipids separated on t.l.c.
plates were located by autoradiography. Each

located area was scraped into a vial, the sample
was mixed with 5 ml of ACS II (Amersham) and
0.3ml of water, and the radioactivity was deter-
mined with a Beckman LS-9000 liquid-scintil-
lation spectrometer.

Analyses of breakdown of Ptd[3H]Ins(4,5)P2 and
accumulation of [3H]inositol phosphates in PHA-
stimulated JURKAT cells prelabelled with myo-
[2-3H]inositol
JURKAT cells were collected from cultures by

centrifugation (30g for 10min). The cells were sus-
pended at 3 x 105 cells/ml in a modified RPMI
1640 medium, which contained myo-inositol at
0.3 mg/i (one-i 17th of the regular concentration),
supplemented with 7% dialysed and heat-inacti-
vated foetal-calf serum, 50 units of penicillin/ml
and 50pg of streptomycin/ml. To this cell sus-
pension, myo-[2-3H]inositol (15.8Ci/mmol; New
England Nuclear) was added at 0.5pCi/ml. After
labelling for 1 day, the cells were washed twice
with Dulbecco's phosphate-buffered saline con-
taining 1 mg of glucose/ml and lOmM-myo-inositol,
in which a portion (5mM) of NaCl had been
replaced with 5 mM-LiCl. The cells were then
suspended at 5 x 106 cells/ml in the saline contain-
ing glucose and LiCl, but no myo-inositol. Portions
(0.25 ml) of the cell suspension were transferred to
warmed test tubes containing either 12.5pg of
PHA in lO1y of 0.9% NaCl or lOiy of 0.9% NaCl
and incubated at 37°C for the indicated time. The
incubation was terminated by adding 0.5 ml of ice-
cold 10% (w/v) trichloroacetic acid. The precipit-
ate was collected by centrifugation (500g for
15min). Trichloroacetic acid was removed from
the supernatant by five extractions with diethyl
ether, and the extract was neutralized with 0.5ml
of 6.25mM-sodium tetraborate.
The trichloroacetic acid-soluble [3 H]inositol

phosphates were separated from each other by
using 1 ml of Dowex-l (8% cross-linkage; formate
form) packed in Pasteur pipettes by the method of
Berridge et al. (1983) and Berridge (1983). [3H]Ino-
sitol phosphates were eluted from the column
sequentially by using lOml each of the eluting
solutions for inositol, glycerophosphoinositol,
InsP, InsP2 and InsP3 described by Berridge et al.
(1983). A Sml portion of each fraction was mixed
with lOml of ACS II (Amersham) and counted for
radioactivity with a Beckman LS-9000 liquid-
scintillation spectrometer. Separation of indivi-
dual [3 H]inositol phosphates by this procedure was
confirmed by collecting the column effluent in 1 ml
fractions.

[3 H]Inositol lipids in the trichloroacetic acid
precipitate were extracted with chloro-
form/methanol/conc. HCI (200 :100 :1, by vol.),
and separated after addition of Ptdlns, PtdIns4P
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and PtdIns(4,5)P2 as carriers by t.l.c. on silica gel
H plates impregnated with 1% potassium oxa-
late/2mM-EDTA. The plates were developed in
chloroform/methanol/aq. 4M-NH3 (9:7:2, by
vol.). Inositol lipids separated on the t.l.c. plates
were located by iodine vapour. Each located area
was scraped into a vial, and the radioactivity was
determined.

Results and discussion

Breakdown of PtdIns(4,5)P2 and accumulation of
phosphatidic acid induced by PHA
JURKAT cells were labelled for 1 h with [32p]p;

in Pi-free Tris-buffered saline. Under the labelling
conditions, 32P radioactivity in Ptdlns(4,5)P2 and
PtdIns4P reached steady values after labelling for
1 h; 32P radioactivity in phosphatidylinositol,
phosphatidylcholine and phosphatidylethanol-
amine continued to increase during the labelling
for 90min. The labelled cells were incubated in the
presence and absence of PHA for various periods
of time. Phospholipids were extracted, and separ-
ated by two-dimensional t.l.c. Addition of 50ul of
PHA/ml to the prelabelled cells induced a decrease
of [32P]Ptdlns(4,5)P2 to about 35% of the control
value (Fig. lb). The decrease was evident as early
as lOs after the PHA addition and was almost
complete within 30s. The radioactivity of
[32P]PtdIns(4,5)P2 stayed at the low value at least
for 5min after the PHA addition. A decrease of
[32P]PtdIns4P occurred with a similar time course
to that of [32P]Ptdlns(4,5)P2 (results not shown);
however, the 32P radioactivity of PtdIns4P in the
prelabelled cells was 15-35% of that of PtdIns-
(4,5)P2. These decreases in [32 P]PtdIns(4,5)P2 and
[32 P]PtdIns4P in the PHA-treated cells were
followed by an increase in the 32p labelling of
phosphatidic acid (Fig. 1c), which was not detect-
able until after a lOs lag period. The radioactivity
of [32P]phosphatidic acid reached 280% of the
control value 2min after the PHA addition. A
gradual increase in the 32P labelling of Ptdlns was
found at 3-5 min after the PHA addition (Fig. la).
No significant change was induced by PHA in
other 32P-labelled phospholipids. Autoradiograms
of [32P]phospholipids separated by t.l.c. are shown
in Fig. 2. The PHA-induced changes in [32P]phos-
pholipids described above are obvious in the auto-
radiograms.
The breakdown of Ptdlns(4,5)P2 in PHA-

stimulated JURKAT cells was studied by the use
of cells doubly labelled with [2-3H]glycerol and
[32p]p; in order to find whether the decrease in
[32P]Ptdlnds(4,5)P2 shown in Fig. 1 is equi-
valent to the decrease in the chemical quantity of
PtdIns(4,5)P2. For this purpose, growing JUR-
KAT cells were labelled with [2-3H]glycerol for 2
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Fig. 1. Time courses of PHA-induced breakdown of
[32P]PtdIns(4,5)P2 and PHA-induced accumulation of
[32P]phosphatidic acid and [32P]PtdIns in JURKAT cells

prelabelled with [32P]Pi
JURKAT cells were cultured and labelled with
[32p]Pi at 37°C for 1 h (see the Materials and
methods section). The labelled cells were washed
twice and suspended at 107 cells/ml in Pi-free Tris-
buffered saline. Portions (0.25 ml) of the cell suspen-
sion were incubated at 37°C for the indicated time
either in the absence (Ol, 0, A) or in the presence
of 12.5,ug of PHA (-, 0, A). Phospholipids were
extracted and separated by two-dimensional t.l.c. as
described in the Materials and methods section.
Results obtained in an experiment performed in
duplicate are shown. (a) * and El, Ptdlns; (b)0
and 0, Ptdlns(4,5)P2; (c) A and A, phosphatidic
acid.

days in the standard culture medium and then the
cells were labelled with [32 P]p, for 1 h. Stimulation
of the doubly labelled cells with PHA for 1 and
2 min caused breakdown of PtdIns(4,5)P2 and
PtdIns4P and accumulation of phosphatidic acid
(Table 1). The extent of the breakdown and
accumulation is expressed in Table 1 by the ratio of
the 3H or 32P radioactivity in each lipid found in
PHA-stimulated cells to that in control cells. In the
breakdown of PtdIns(4,5)P2 and PtdIns4P of the
doubly labelled cells, a good correlation was found
between 3H label and 32p label (Table 1). Since
growth of JURKAT cells in a culture containing
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Fig. 2. Two-dimensional t.l.c separation of [32P]phospholipids ofJURKAT cells
Samples (0.25ml) ofJURKAT cells (2.5 x 106 cells) labelled with 32p were incubated at 37°C for 2min either in the
absence ('-PHA') or in the presence of 12.5pg of PHA ('+PHA'). The lipids were extracted and separated as
described in the Materials and methods section. The [32P]phospholipids were located by autoradiography: A,
PtdIns(4,5)P2; B, PtdIns4P; PI, PtdIns; PC, phosphatidylcholine; PE, phosphatidylethanolamine; PA,
phosphatidic acid; 0, origin.

Table 1. Breakdown of PtdIns (4,5)P2 and PtdIns4P and accumulation ofphosphatidic acid in PHA-stimulated JURKAT
cells doubly prelabelled with [2-3H]glycerol and [32P]P,

Growing JURKAT cells were labelled with 2.5 pCi of [2-3H]glycerol (IOCi/mmol; New England Nuclear)/ml in the
standard culture medium for 2 days. The 3H-labelled cells were washed once and suspended at 1.2 x 107cells/ml in
the [32P]Pi-labelling medium (see the Materials and methods section). After 32P labelling at 37°C for 1 h, cells were
washed once and suspended at 5 x 106 cells/ml in Pi-free Tris-buffered saline containing 1 mg of glucose/ml. Portions
(0.5 ml) of the cell suspension were transferred to warmed test tubes containing either 10pl (25 pg of protein) ofPHA
or I0pu of0.9% NaCl and then incubated at 37°C for 1 or 2 min as indicated. Lipids were extracted and separated by
two-dimensional t.l.c. as described in the Materials and methods section. Results are expressed as means + S.E.M. for
two experiments. Abbreviations: PtdOH, phosphatidic acid; PtdCho, phosphatidylcholine.

Radioactivity in lipids (d.p.m./l .25 x 106cells)

Incubated for 1 min Incubated for 2min

Phospholipid Label (a) Control (b) PHA added Ratio b/a (a) Control (b) PHA added Ratio b/a

Ptdlns(4,5)P2 3H 1305 + 154
32p 26453 +3527

PtdIns4P 3H 638+ 84
32p 9998+ 948

PtdOH 3H 795 + 58
32p 17860+ 524

PtdIns 3H 58425 + 788
32p 51 854+2152

PtdCho 3H 181904+ 1599
32p 9913 + 46

-PHA

.PV:
PA

_ ......

PA

AI

* A.F.

0

711 + 164
12827+ 1689
447+ 47
6365+ 79
1876+ 5

31441+ 260
59676+ 58
52849+ 83
192072 + 1132
10175+ 89

0.54
0.48
0.70
0.64
2.36
1.76
1.02
1.02
1.06
1.03

1428+ 17
27797 + 323
653+ 29
9377+ 35
793+ 31

17450 + 456
60036 + 665
53 351 + 302
194769+ 191
10758 + 308

950+ 31
15585+ 121

583 + 37
7905+ 327
2343+ 67

37 509 + 264
58 396+ 664
52167 + 457
195 177 + 1524
10509+ 129

0.67
0.56
0.89
0.84
2.95
2.15
0.97
0.98
1.00
0.98
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[2-3H]glycerol for 2 days evenly labels cellular
lipids with [2-3 H]glycerol, the breakdown ob-
served in 3H-labelled lipids can be taken as
changes in chemical quantity. The results shown in
Table 1 therefore indicate that the breakdown of
[32P]PtdIns(4,5)P2 and [32P]PtdIns4P shown in
Fig. 1 are closely related with the changes in
chemical quantities of these lipids. The accumu-
lation of phosphatidic acid induced by PHA
appears much greater when measured with [2-
3H]glycerol than with [32 p]pj (Table 1). The break-
down of Ptdlns(4,5)P2 is catalysed by a phos-
pholipase C, as described below. Since the accu-
mulated phosphatidic acid is most probably
formed by the phosphorylation of diacylglycerol
produced by this hydrolysis (Sasaki & Hasegawa-
Sasaki, 1985), the 32P label of the phosphatidic
acid is not derived from [32 P]PtdIns(4,5)P2.
Therefore one cannot expect a correlation between
32p label and 3H label in phosphatidic acid.
The breakdown of Ptdlns(4,5)P2 described

above may possibly be the earliest event found so
far in the phytomitogen-stimulated T-lympho-
cytes, and therefore may represent the receptor-
linked event. Stimulation of [32P]pj incorporation
into PtdIns (Fisher & Mueller, 1968; Masuzawa et
al., 1973; Maino et al., 1975), decrease of PtdIns
(Hasegawa-Sasaki & Sasaki, 1982), and activation
of lysolecithin acyltransferase (EC 2.3.1.23) (Fer-
ber et al., 1976) can all be regarded as slower
responses to phytomitogens than the breakdown of
PtdIns(4,5)P2. The PHA-stimulated JURKAT
cells add one good example showing the receptor-
stimulated breakdown of PtdIns(4,5)P2, which has
been found in smooth muscles (Abdel-Latif et al.,
1977), hepatocytes (Kirk et al., 1981; Creba et al.,
1983; Thomas et al., 1983; Rhodes et al., 1983),
platelets (Agranoff et al., 1983; Billah & Lapetina,
1982b, 1983; Vickers et al., 1982), parotid acinar
cells (Berridge et al., 1983; Downes & Wusteman,
1983; Weiss et al., 1982), exocrine pancreas
(Putney et al., 1983), insect salivary glands
(Berridge, 1983; Berridge et al., 1983) and
GH3 pituitary cells (Martin, 1983; Rebecchi &
Gershengorn, 1983).

Evidencefor phospholipase C-catalysed hydrolysis of
PtdIns(4,5)P2

Formation of InsP3 by the hydrolysis of PtdIns-
(4,5)P2 is shown in Fig. 3(c) by the use of myo-[2-
3H]inositol-prelabelled JURKAT cells stimulated
by PHA. In this experiment, stimulation with
PHA was performed in the presence of 5 mM-LiCl
to inhibit inositol-l-phosphatase (Hallcher & Sher-
man, 1980). Addition of 50yg of PHA/ml to the
prelabelled cells induced a decrease of Ptd[3 H]Ins-
(4,5)P2 to about 75% of the control value at 2min
after the addition (Fig. 3d). This percentage
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Fig. 3. Time course of PHA-induced accumulation of
[3H]inositol phosphates and PHA-induced breakdown of
.Ptd[3H]Ins(4,5)P2 in Li+-treated JURKAT cells pre-

labelled with myo-[2-3H]inositol
JURKAT cells were cultured and labelled with myo-
[2-3H]inositol for 1 day (see the Materials and
methods section). The labelled cells were washed
twice and suspended at 5 x 106 cells/ml in Dulbec-
co's phosphate-buffered saline containing I mg of
glucose/ml and 5mM-LiCl. Portions (0.25 ml) of the
cell suspension were incubated at 37°C for the
indicated time either in the absence (0) or in the
presence of 12.5 g of PHA (-). The incubations
were stopped by the addition of 0.5ml of cold 10%
(w/v) trichloroacetic acid. Acid-soluble metabolites
were separated from each other by anion-exchange
chromatography (see the Materials and methods
section). [3H]Inositol lipids in the acid precipitate
were extracted and separated by t.l.c. as described
in the Materials and methods section. Results oftwo
experiments performed in duplicate are shown as
means+S.E.M. (a), [3H]inositol monophosphate
([3H]InsP); (b), [3H]InsP2; (c), [3H]InsP3; (d),
Ptd[3 H]Ins(4,5)P2 -

decrease of Ptdlns(4,5)P2 was much smaller than
that found in [32P]Pi-prelabelled cells and [2-
3H]glycerol-prelabelled cells. The time course of
the breakdown in Fig. 3 is also slower than that
shown in Fig. 1. It seems possible that the culture
ofJURKAT cells in a medium with low concentra-
tion of myo-inositol affected the response of the
cells to PHA. In parallel with the decrease in
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Ptd[3H]Ins(4,5)P2, an increase in [3H]InsP3 was
found (Fig. 3c). The results indicate that
Ptdlns(4,5)P2 is hydrolysed by a phospholipase C.
At 2min after PHA addition and thereafter, the
increase in 3H label in InsP3 was larger than the
decrease in the 3H label in Ptdlns(4,5)P2. These
results suggest active resynthesis of Ptd[3 H]-
Ins(4,5)P2 accompanying the PHA-induced
hydrolysis. An accumulation of [3 H]InsP2, which
was larger than that of [3 H]InsP3, was found in the
PHA-stimulated JURKAT cells (Fig. 3b).

Efject oJ PHA on [Ca2+], in JURKAT cells loaded
with Quin-2
A hypothesis has been advocated by Michell on

the role of inositol lipid hydrolysis in receptor-
controlled Ca2+ mobilization in cells (Michell,
1975, 1979; Michell & Kirk, 1981). The hypothesis
predicts that the enhanced breakdown of inositol
lipids should not be dependent on the elevation of

[Ca2+]1. The interrelation between the receptor-
stimulated depletion of PtdIns(4,5)P2 and the
Ca2+ mobilization was examined in JURKAT
cells. The Ca2+-selective fluorescent indicator
Quin-2 (Tsien et al., 1982a,b) was used to monitor
continuously [Ca2+], in JURKAT cells. In accor-
dance with the reports by Tsien et al. (1982a,b) and
Hesketh et al. (1983) on lymphocytes isolated from
lymph nodes, spleen and thymus, PHA induced a
rise in the [Ca2+], in JURKAT cells from 93 to
580nM (Fig. 4a). A lag period of about i5s was
observed in the PHA-induced increase in the
[Ca2+],. Stimulation by PHA in either Ca2+-free
medium or Ca2+-free medium containing 2mM-
EGTA markedly decreased the increase in [Ca2+],
(Figs. 4b and 4c). Addition of TMB-8 (0.8mM) to
the medium almost blocked the PHA-induced
increase in [Ca2+],; in the presence of 0.8mM-
TMB-8, PHA induced an increase in [Ca2+]i, from
60 to 70nM in Ca2+-free medium (Fig. 4d), and an

1 mM-CaCI2PHA
(a)

(b)

[Ca2+]
-700nM

- 300 nM

. --f _. .

(c)
PHA -16u n

9-Ip%-wY_ -90nM
-50nM

3 min
iI

0.1 uM-A23187

(f)

(d)
PHA 2 mM-CaCI2

4 min 2 min

(e) PHA

4 min

->1OMM

-700nM

- 300 nM

-160nM

-90nM

-50nM

Fig. 4. Resting [Ca2+1 ofJURKAT cells and responses to A23187 and PHA measured by the use of Quin-2fluorescence
Quin-2 tetra-acetoxymethyl ester (Dojin Chemicals, Kumamoto, Japan) was added at 5OM to a JURKAT-cell
suspension in RPMI 1640 medium containing 3 x 107 cells/ml and incubated for 20min at 37°C. The suspension was
then diluted 10-fold with RPMI 1640 medium and incubated for a further 60min. The resulting Quin-2 loading was
4.9nmol of dye/5.4 x 106 cells. After loading, the cells were washed once with Ca2+- and Pi-free Tris-buffered saline
(medium A) containing 2mM-EGTA. The cells were resuspended in medium A at 2.7 x 106 cells/ml and kept at room
temperature. For measurement of fluorescence, 2ml of this stock suspension was centrifuged for 10 min at 50g. The
cells were resuspended in 2ml of medium A containing I mM-CaCl2 (a, J), medium A (b), medium A containing
2mM-EGTA (c), medium A containing 0.8mM-TMB-8 (Aldrich Chemical Co.) (d), or medium A containing 1 mM-
CaCl2 and 0.8mM-TMB-8 (e). The resuspended cells were transferred to the cuvette. Quin-2 fluorescences were
recorded at 37°C with a Hitachi 650-lOS fluorescence spectrophotometer fitted with a magnetic stirrer and a
thermostatically controlled cell holder. Excitation and emission wavelengths were 339 and 492nm, with 4 and lOnm
slits respectively. PHA was added to the cuvette by injection of 40pl of 2.5mg/ml solution through polyethylene
tubing. A23187 (Calbiochem-Behring) was added from dimethyl sulphoxide stock solution (lOOpM-A23187). Ca2+
was added from I M-CaCl2 in medium A. Fluorescence was calibrated in terms of [Ca2+], from the fluorescence value
at 1 mM-Ca2+ in the presence of 0.1 uM-A23187 and the fluorescence value at 0.5mM-MnCl2 in the presence of
0.1 pM-A23187 (Hesketh et al., 1983; Tsien et al., 1982a,b).
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increase from 110 to 130nm in a medium con-
taining 1 mM-CaCl2 (Fig. 4e). TMB-8 had been
shown to interfere with the intracellular mobiliza-
tion of Ca2+ (Malagodi & Chiou, 1974; Chiou &
Malagodi, 1975; Rittenhouse-Simmons & Deykin,
1978; Matsumoto et al., 1979). A rise in the [Ca2+],
is induced by PHA in CCRF-CEM cells, but not in
the other three human T-lymphoid cell lines,
PEER, MOLT-4f, or SKW-3. It has been suggest-
ed that PtdIns(4,5)P2 and PtdIns4P are the
membrane receptors for aminoglycosidic anti-
biotics (Schacht, 1976). Removal of streptomycin
from the culture medium had no appreciable
effects on the PHA-induced changes in phospho-
lipids or [Ca2+], in JURKAT cells.

Independence of PtdIns(4,5)P2 breakdown on Ca2+
mobilization

Depletion of Ca2+ from medium by the use of
Ca2+-free medium and by the addition of EGTA
did not affect the PHA-induced breakdown of
PtdIns(4,5)P2 (Table 2). Addition of TMB-8
(0.8mM) to the incubation medium did not inhibit
the breakdown (Table 2), as has been reported in
thrombin-stimulated platelets (Billah & Lapetina,
1982a). Moreover, addition of Ca2+ ionophore
A23187 to the [32P]Pj-prelabelled JURKAT cells
did not induce the breakdown of [32P]PtdIns-
(4,5)P2 nor the accumulation of [32P]phosphatidic
acid (Fig. 5a). In cells pretreated with ionophore
A23 187, PHA induced the breakdown and accumu-

lation (Fig. 5a). A procedure which exhaustively
depletes cellular Ca2 , i.e. suspension of cells in
Ca2+-free medium containing 2mM-EGTA and
5 pM-A23 187, did not affect the breakdown of
[32P]Ptdlns(4,5)P2 nor the accumulation of
[32P]phosphatidic acid induced by PHA in the
[32P]Pi-prelabelled JURKAT cells (Fig. 5b).
These results indicate that the breakdown of
PtdIns(4,5)P2 is not mediated through changes
in the [Ca2+]i. The results therefore support the
view that the PHA-induced breakdown of
Ptdlns(4,5)P2 in JURK-AT cells is not a conse-
quence of PHA-stimulated Ca2+ mobilization, but
is instead involved in the processes leading to the
Ca2+ mobilization. The [Ca2+], in JURKAT cells
rises at an early time after the stimulation with
PHA when the PtdIns(4,5)P2 breakdown is in
progress and phosphatidic acid has just begun to
accumulate (Figs. 1 and 4). This may indicate that
sufficient intracellular signal(s) for the maximum
increase in [Ca2+], is generated by the hydrolysis of
only a small fraction of cellular PtdIns(4,5)P2.
The interrelation between the Ca2+ mobilization

in cells and the receptor-stimulated hydrolysis of
inositol lipids has been most extensively studied in
isolated rat hepatocytes stimulated by vasopressin
and other Ca2+-mobilizing hormones. For rat
hepatocytes, different results have been presented
concerning the interrelation (Kirk et al., 1981;
Prpic et al., 1982; Charest et al., 1983; Creba et al.,
1983; Rhodes et al., 1983; Thomas et al., 1983).

Table 2. EJiects of Ca2+-free medium, EGTA treatment and TMB-8 treatment on PHA-induced breakdown of
[32P]PtdIns(4,5)P2 and [32P]PtdIns4P and accumulation of[32P]phosphatidic acid in JURKATcellsprelabelled with [32P]P,
JURKAT cells were cultured and labelled with [32P]Pi at 37°C for 1 h (see the Materials and methods section). The
labelled cells were washed once with Ca2+- and Pi-free Tris-buffered saline (medium A) containing 2mM-EGTA and
then suspended at 6.3 x 106cells/ml in medium A. Portions (0.2ml) of the cell suspension were incubated in the
presence or absence of 12.5 pg of PHA (5 p1) for 2min in 0.25 ml of (a) medium A containing 1 mM-CaCl2, (b)
medium A, (c) medium A containing 2mM-EGTA, (d) medium A containing 1 mM-CaCl2 and 0.8mM-TMB-8, or (e)
medium A containing 0.8 mM-TMB-8. In incubations (d) and (e), the cells were preincubated with TMB-8 for 5min
before the PHA addition. The incubations were terminated and the 32P radioactivity of PtdIns(4,5)P2, PtdIns4P
and phosphatidic acid was determined as described in the Materials and methods section. Results are expressed as
means +S.E.M. for three experiments. Abbreviation: PtdOH, phosphatidic acid.

Gain or loss (-) in 32P radioactivity after 2min
incubation in the presence or absence of PHA (c.p.m.)

Expt. Condition PHA Ptdlns(4,5)P2 PtdIns4P PtdOH

I (a) 1 mM-Ca2+

(b) Ca2+-free

(c) Ca2+-free +2mM-EGTA

(d) 1 mM-Ca2++0.8mM-TMB-8

2 (e) Ca2+-free+0.8mM-TMB-8

- 809+1060
+ -18 369 + 2273
- -1736+ 701
+ -17452+ 886
- -3917+ 955
+ -17526+ 555
- -2770+ 510
+ -16627+ 266
- -5302+ 524
+ -19379+ 1219

Vol. 227

-758+ 14
-3918 + 676
-641 +438
-2169 + 378
-1882+ 211
-2288 + 175
-535 + 213
-2957 +379
-107+ 0
-3983 + 294

-1408+ 274
17192+ 183
-998+ 1197
15364+ 514
-568+ 821
12931 + 1204
4089 + 2453

20828 + 1628
9563+ 739

36867+ 925
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Fig. 5. Eject of pretreatment with A23187 on PHA-induced [32PPtdIns(4,5)P2 breakdown and [32P]phosphatidic acid
accumulation in JURKAT cells prelabelled with [32P]Pi

A suspension of 32P-labelled JIURKAT cells was prepared as described in the Materials and methods section.
Portions (0.2ml) of the cell suspension were incubated for the indicated period of time in 0.25 ml of either (a) medium
A containing 1 mM-CaCl2 or (b) medium A containing 2mM-EGTA. Where indicated, A23187 (5pM) was added at
zero time. All incubation mixtures contained dimethyl sulphoxide (final concn. 0.05%). Where indicated, 12.5pg of
PHA in Spl was added after a 5min exposure to A23 187. 32p radioactivity of Ptdlns(4,5)P2 and phosphatidic acid
was determined as described in the Materials and methods section. * and Ol, A23 187 not added; *, 0, * and A,
A23 187 added. *,O and *, Ptdlns(4,5)P2; O, A and A, phosphatidic acid (PtdOH). U, O, 0 and A PHA not
added; * and AP PHA added.

The argument now seems to have been settled in
favour of the opinion that PtdIns(4,5)P2 can be
broken down independently of the Ca2+ mobiliza-
tion (Creba et al., 1983; Thomas et al., 1983). The
results in the present paper indicate that the
receptor-stimulated breakdown of PtdIns(4,5)P2 is
not dependent on the Ca2+ mobilization. It was
reported that Ins(1,4,5)P3 induces a rapid release
of Ca2+ from intracellular stores and therefore
functions as a second messenger for the hormonal
mobilization of intracellular Ca2+ (Joseph et al.,
1984; Streb et al., 1983). However, the regulatory
mechanism of cell-surface Ca2+ channels remains
unknown. The rise in [Ca2+] in the PHA-
stimulated JURKAT cells depends on extra-
cellular Ca2+ (Fig. 4b), which indicates the
importance of Ca2+ influx in the Ca2+ mobiliza-
tion in JURKAT cells.
We thank Dr. James Watson for providing us with the

JURKAT cell line. We are indebted to Ms R. Ohtani for
typing the manuscript.
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