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Partially purified plasma membranes prepared from myo-[*HJinositol-prelabeled WRK 1 cells exhibit a phos-
phatidylinositol 4,5-bisphosphate (PIP,) phospholipase C activity sensitive to NaF. NaF increased the pro-
duction of IP, and IP, in a time- and concentration-dependent manner. The maximal increase in IP, and
IP, production rates represented 400+ 18 and 360+40% of the basal production rate, respectively. Half-
maximum stimulation was reached with 2-4 mM NaF. The observed effect was specific for F~. Aluminium
potentiated fluoride-induced IP, and IP, accumulation in a concentration-dependent manner. The effect of
fluoride on the PIP, phospholipase C from WRK1 cell membranes appears to be similar to the well-docu-
mented effect of F~ on the well-characterized N;. N; and transducin GTP-binding proteins. This observation
constitutes an additional argument to suggest that a GTP-binding protein is involved in the process of recep-
tor-mediated activation of PIP, phospholipase C.

Sodium fluoride Aluminum Phospholipase C

1. INTRODUCTION

Receptor-mediated activation of a PIP,
phospholipase C is a common mechanism by
which several hormones and neurotransmitters in-
crease free cytosolic calcium within their target
cells (reviews [1,2]). There is experimental evidence
indicating that GTP is involved in the process of
receptor-mediated PIP, breakdown. Non-
hydrolyzable analogues of GTP mimic the effects
of calcium-mobilizing agents when introduced into
permeabilized mast cells and platelets [3,4]. These
analogues also stimulate PIP, breakdown in mem-
branes from rat liver [5—7], blow salivary glands
[8], GH3 [9], and WRKI1 cells [10]. In membranes
from WRKI1 cells, a vasopressin-sensitive cell line

Abbreviations: 1P, inositol monophosphate; IP, in-
ositol bisphosphate; IP;, inositol trisphosphate; PI,
phosphatidylinositol; PIP, phosphatidylinositol 4-phos-
phate; PIP;, phosphatidylinositol 4,5-bisphosphate;
GTP+S, guanosine 5'-O-thiotriphosphate; LVP, lysine
vasopressin
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derived from a chemically induced mammary
tumor in the rat [11], we recently showed that
vasopressin stimulates PIP, breakdown in a strictly
GTP-dependent manner [10]). Altogether these
results suggest that a GTP-binding protein with a
GTPase activity is involved in the functional
coupling of several receptors to PIP;
phospholipase C. This GTP-binding protein would
therefore be homologous to the well-characterized
N;s, N; and transducin G-proteins. It was recently
reported that AIF; mimics the effects of
Ca®*-mobilizing hormones on intact isolated
hepatocytes [12] and that NaF stimulates calcium
mobilization in human neutrophils [13]). This can
be considered as further evidence for functional
homology between the N5, N; and transducin G-
proteins and the putative G-protein involved in
receptor-mediated PIP, breakdown. Indeed, it is
known that AI** in the presence of F~ is a potent
modulator of N,, N; and transducin [14—16]. The
active agent is thought to be AlF,; which acts by
mimicking the effect of the y-phosphate of GTP
on the a-subunits of these G-proteins [16]. Here,
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we took advantage of the presence of a hormone-
sensitive PIP, phospholipase C in broken cell
preparations derived from myo-[*Hlinositol-
prelabeled WRK1 cells [10] to investigate the ef-
fects of F~ on this PIP; phospholipase C.

2. MATERIALS AND METHODS

2.1. Products

GTP and GTP9S were purchased from Boeh-
ringer Mannheim, LVP from Bachem, myo-
[*HJinositol (16.5 Ci/mol) from New England
Nuclear, Eagle’s minimum essential medium
(MEM) and calf fetal serum from Gibco, Dowex
1 x 10 (100-200 mesh, chloride form) from Fluka,
NaF (suprapur) from Merck, L-myo-[*Clinositol
1-phosphate and D-myo-[2-*Hlinositol 1,4,5-tris-
phosphate from Amersham.

2.2. Membrane preparation

WRKI1 cells were grown in monolayer culture
for 5 days in MEM containing 5% fetal calf serum,
2% rat serum, glutamine (290 mg/l), penicillin
(100 U/ml), streptomycin (100 mg/ml) and myo-
[*H]inositol (1.5 #Ci/ml) (for details see [17]). The
culture medium was renewed 2 days after seeding.
Half an hour before the experiment, the culture
medium was removed and replaced by the same
medium depleted of myo-[*Hlinositol and serum.
Cells were washed 3 times at 0°C with phosphate-
buffered saline (PBS) without calcium and
magnesium, and suspended in a homogenization
medium composed of 10 mM LiCl, 0.5 mM ED-
TA, 10 mM Tris-HCl (pH 8.0) and 0.1 mM ATP.
Cells were disrupted at 4°C using a Dounce
homogenizer equipped with a loose pestle (15
strokes). Partially disrupted cells were eliminated
by a rapid centrifugation (100 x g at 0°C for
5 min). The supernatant was subjected to a second
centrifugation (30000 x g at 0°C for 15 min). The
final pellet was resuspended in the homogenization
buffer and used immediately. We previously
showed that this preparation contains the bulk of
plasma membranes from disrupted celis [10]. For
the sake of simplicity, this preparation is
designated as WRK1 cell membranes. Protein con-
tent of each preparation was determined by the
method of Lowry et al. using bovine serum
albumin as a standard.
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2.3. Assay of phospholipase C activity

Membranes prepared from myo-[*H]inositol-
prelabeled WRKI1 ' cells (40—-90 xg protein per
assay) were incubated at 37°C essentially as
described [10] with minor modifications. Briefly,
the incubation medium (300 xl) was composed of
10 mM LiCl, 0.1 mM ATP, 0.25 mM EDTA,
10 mM Tris-HCI (pH 8.0), 1 «M CaCl; and 5 mM
MgCl; and the agents to be tested. When the ef-
fects of AI** were tested, special attention was paid
to avoid any contact of the different solutions and
membrane preparations used with glassware from
which APP* could have been released [14]. The
reaction was stopped by the addition of 300 4l
HClO4 (10%) and 100 xl bovine serum albumin
(20 mg/ml) and cooling the tube to 0°C. The pH
of the extract was adjusted to 7.0 by adding 1.5 M
KOH. KClOs was eliminated by centrifugation.
Labeled IP,, IP; and IP; present in the superna-
tant were separated by chromatography on Dowex
1x10 (100-200 mesh, formate form) columns
(4.0 x 0.6 cm) as described by Berridge et al. [18]
with minor modifications [19]. This protocol was
established using purified labeled IP; and IP; ob-
tained from Amersham. Labeled inositol lipids
were determined after chloroform/methanol/HCI
(100:100:1) extraction and deacylation in the
presence of NaOH as described by Creba et al.
[20]. Radioactivity found in the IP;, IP, and IP;
fractions was measured by liquid scintillation spec-
trometry. All results were corrected for quenching
and expressed in dpm. All determinations were
performed in triplicates.

3. RESULTS AND DISCUSSION

The relative proportions of PI, PIP and PIP; in
WRK1 cell membranes (94.6 + 0.5; 2.7 + 0.5;
2.8 + 0.2% of total inositol lipids, respectively,
means + SE of 5 experiments) were close to those
determined in intact prelabeled cells (93.7 + 0.8;
33 + 0.7; 3.0 + 0.1%, means + SE of 5 ex-
periments). This observation indicates that no
preferential hydrolysis of one class of inositol lipid
occurred during the process of membrane prepara-
tion. During the course of a 20 min incubation
period, the total content of labeled inositol lipids
of non-stimulated membranes remained fairly
stable. A slight and transient increase in PIP and
PIP, contents was observed, suggesting the
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presence in the membrane preparation of en-
zymatic activities enabling the phosphorylation of
PI and PIP (fig.1). During the first 3 min of in-
cubation, the concentration of labeled IP;, IP; and
IP; in the incubation medium increased slightly.
Thereafter the IP; content remained stable while a
moderate linear accumulation of IP; and IP; was
observed. NaF (20 mM) increased the accumula-
tion of IP3 and IP; but did not affect the IP; con-
tent of the incubation medium (fig.1). The rate of
fluoride-stimulated IP; and IP» accumulation was
not linear with time, indicating the transient nature
of the observed effect. The fluoride-induced ac-
cumulation of IP; + IP, followed an exponential
time course, suggesting that the effect of fluoride
was to liberate inositol phosphate from a precursor
pool, the size and half-life of which were estimated
to be 2150 dpm/mg membrane protein and
8.4 min, respectively. The size of this pool
represents 5% of the PI pool. Indeed, there was no
significant effect of fluoride on the size of the PI
pool. Conversely, the total amount of inositol
phosphates produced under the influence of NaF is
roughly equivalent to the size of the PIP and PIP,
pools. In addition, at all time points tested NaF
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Fig.1. Effects of NaF on inositol lipid breakdown in
WRKI1 cell membranes: time dependency. Membranes
from prelabeled WRK1 cells (90 4g/assay) were
incubated at 37°C for the indicated periods of time in
either the absence (@) or presence of 20 mM NaF (0).
Inositol phosphates (left) and inositol lipids (right) were
measured as indicated in section 2. Values are means +
SE of 3 determinations. When no error bars are shown,
the SE is contained within the symbol.
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slightly reduced PIP and PIP; pools as compared
to the corresponding values determined on non-
stimulated membranes. Altogether, these results
suggest that: (i) the putative precursor pool(s) of
IP; and IP; are renewed from PI; (ii) the effect of
NaF on IP; and IP; accumulation cannot be ac-
counted for by an increase in the size of the PIP,
and PIP pools or an inhibition of the IP; and IP;
phosphatases but probably reflects an activation of
PIP; phospholipase C. The progressive fading of
the fluoride response might reflect the fact that in
WRKI1 cells the larger part of the hormone-
sensitive PIP; pool derives from a minor PI pool
which, according to Koreh and Monaco [21],
represents about 17% of the total PI pool. This
value is close to the fraction of labeled PI (11.5%)
recovered as the sum of IPs, IP,, PIP, and PIP at
the end of a 20 min incubation period.

Fig.2 illustrates the dose dependency of NaF-
induced stimulation of IP3 and IP; production. IP;
and IP; production was measured at the end of
either a 2 or 6 min incubation period in the
presence of NaF, i.e. in a situation where the size
of the NaF-sensitive pool was not limiting (cf. fig.1
and above discussion). The maximal NaF effect
was observed at 20 mM NaF. At higher concentra-
tions a reduction in the magnitude of the NaF
response was observed. The ECso values were not
markedly dependent on the experimental condi-
tions used (2 or 6 min incubation period). For a
6 min incubation period, the means £ SE (6 deter-
minations) of ECso values were 5.4 + 1 and 4.8 +
1 mM for NaF-stimulated IP; and IP> production,
respectively. These values resemble those for
adenylate cyclase activation by NaF [22,23].

The data in table 1 indicate that the maximal ef-
fects of NaF and vasopressin plus GTP on inositol
phosphate production were of similar magnitude.
A 2 min preincubation period at 37°C of WRK1
cell membranes followed by washing, centrifuga-
tion and resuspension in fresh medium reduced but
did not abolish the ability of these membranes to
respond to NaF or vasopressin stimulation by in-
creased inositol phosphate production during a
final 2 min post-incubation at 37°C. When the
preincubation was performed in the presence of
NaF or vasopressin, no residual activation of
inositol phosphate production was observable
during the post-incubation period, suggesting that
fluoride and vasopressin stimulation was reversed
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Fig.2. Dose-dependent activation of PIP» phospholipase
C by NaF. WRK1 cell membranes (50 xg protein) were
incubated at 37°C for 2 (@) or 6 min (O) in the presence
of NaF added at the indicated concentrations. Inositol
phosphates liberated in the incubation medium were
determined as indicated in section 2. Results expressed
are means + SE of 3 determinations. When no error bars
are shown, the SE is contained within the symbol.
Arrows on the graphs correspond to the apparent ECso
values for NaF-induced IP; and IP; accumulation.

during the process of membrane washing and cen-
trifugation. Prestimulated washed membranes
were able to respond to NaF or vasopressin
stimulation although less efficiently than non-
prestimulated membranes. This would suggest that
fluoride activation of inositol phosphate produc-
tion is not a consequence of NaF-induced removal
from the membranes of some substance(s) in-
hibiting inositol lipid breakdown. The NaF sen-
sitivity of inositol phosphate production by WRK1
cell membranes would thus appear to be intrinsic
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to the process controlling inositol lipid metabolism
in these membranes.

The effect of NaF on inositol phosphate produc-
tion by WRK1 cell membranes was specific for F~.
It could not be reproduced by NaCl, NaBr or
NaBr. The IP; + IP; production in the presence of
these salts used at 10 mM represented 111 + 8§,
106 + 3, and 113 + 3% of the basal production
respectively (means = SE of 6 determinations). As
shown in fig.3, the effects of maximally active NaF
and vasopressin concentrations on inositol
phosphate production were not additive. This non-
additivity could not be accounted for by the max-
imal activity of PIP, phospholipase C nor by the
size of the inositol phosphate precursor pool. In-
deed the effect of GTPy was of a higher magnitude
than that of vasopressin or NaF tested alone or in
combination. The observation that NaF did not
potentiate the vasopressin effect on inositol
phosphate production excludes the possibility that
NaF had affected a rate-limiting step in inositol
phosphate production other than the vasopressin-
sensitive step. These results suggest that these two
agents affect some common step in the activation
of PIP; phospholipase C. This common step might
be the activation of GTP-binding protein involved
in receptor-PIP, phospholipase C coupling.

Under experimental conditions where the con-
tact of WRKI1 cell membranes with glassware was
avoided (except at the homogenisation step),
potentiation by AICl; of the NaF-induced inositol
phosphate production could be demonstrated
(fig.4). The AICl; effect was concentration-
dependent with a maximal effect (1.5 + 0.2-fold in-
crease in the response to NaF, mean + SE of values
derived from 3 experiments) obtained at 10 xM
AICl; and with an apparent ECso of 1| #M. The lat-
ter value falls within the range of AICl; concentra-
tions active in the NaF-induced activation of
adenylate cyclase [14] or inhibition of c¢GMP
phospholipase C from the rod outer segment in
retina [16]. Autoinhibition of the AICl; effect on
WRKI1 cell membranes was observed at concentra-
tions higher than 10 «M (fig.4). It is tempting to
consider that the effect of AICl; on NaF-induced
inositol phosphate production by WRK1 cell mem-
branes is homologous to its well-documented ef-
fect on N; and transducin, i.e. AIF; mimicking the
y-phosphate group of GTP at its binding site on
the a-subunit [17].
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Reversal of NaF and vasopressin-activation of PIP» phospholipase C from WRK1 cell
membranes

Added during

Added during post-incubation

preincubation

None NaF LVP + GTP
None 6155 £ 316 (7) 11574 £ 1492 ( 7) 13370 + 236 (4)
NaF 6668 + 247 (11) 10122 + 310 (11) -
LVP + GTP 6846 + 227 ( 4) - 11121 + 326 (4)

No preincubation 6712 £ 756 ( 7)

18786 + 984 ( 7)

18774 + 575 (4)

WRK1 cell membranes were incubated for 2 min at 37°C in the presence of the
indicated effectors. NaF, vasopressin (LVP) and GTP were used at 20 mM, 1 xM and
100 uM, respectively. At the end of the preincubation period, the membrane
suspensions were diluted by adding an 11-fold excess of ice-fold 10 mM Tris-HCI
buffer (pH 8). They were centrifuged for 15 min at 20000 x g at 0°C and resuspended
in the ice-cold buffer. Non-preincubated membranes were used as controls.
Preincubated and control membranes were then incubated for 2 min at 37°C in the
presence of the indicated effectors. Values are means + SE (number of determinations
in parentheses) of the sum of labeled IP; and IP; (dpm/mg protein) recovered at the
end of the final incubation period
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Fig.3. Effects of NaF, GTP4S, and vasopressin on
inositol phosphate production by WRK1 cell
membranes. WRKI1 cell membranes (50 xg) were
incubated for 4 min at 37°C in the presence of the
indicated effectors used at the following concentrations:
10 mM NaF, 10 4M GTP4S, and 1 xuM LVP. LVP was
tested in the presence of 100 xM GTP (GTP is inactive
per se but is required for the expression of the LVP
effect [10]). The open bar on the left corresponds to the
control conditions. Results are expressed as the sum of
IP: + IP; recovered at the end of the incubation period
and are means + SE of 3 determinations.
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Fig.4. Potentiation by AICl; of NaF-induced inositol
phosphate production by WRK1 cell membranes. For
these experiments contact of the membrane preparation
and all solutions used with glassware was avoided. (@)
Membranes were incubated for 4 min at 37°C in the
presence of NaF (5 mM) and AICl; at the indicated
concentrations. (Q©) Control membranes incubated in
the absence of NaF. Results are expressed as the sum of
IP; and IP3 recovered at the end of the incubation period
and are means + SE of 3 determinations. The arrow on
the graph corresponds to the apparent ECso values for
the AICl; effect on NaF-induced IP;+ IP;
accumulation.
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In conclusion, our results show that NaF (AlFs
possibly being the active species) increased labeled
IP, and IP; formation by myo-[*Hlinositol-
prelabeled WRK1 cell membranes. This effect is
homologous to (and non-additive with) the
vasopressin receptor-mediated and GTP-depen-
dent activation of a PIP; phospholipase C in these
membranes. Activation of PIP, phospholipase C
by fluoride can be considered as an additional
argument favoring the hypothesis that a GTP-
binding protein homologous with the well-
characterized Ns, N; and transducin proteins is
involved in the functional coupling of vasopressin
receptors to PIP; phospholipase C in WRK1 cells.
There are contradictory reports on the possible
mediation by N; of PIP, phospholipase C activa-
tion. Inactivation of N; by pertussis toxin (IAP)
abolishes the Ca**-dependent responses and PIP;
breakdown in neutrophils and mast cells [24,27]
but not in other systems studied so far;
hepatocytes, 3T3 fibroblasts, GH3 and chick heart
cells [7,28-30]. Preliminary results indicate that
the GTP-binding protein involved in the activation
of PIP: phospholipase C in WRK1 cells resembles
those present in hepatocytes, 3T3, and GH3 cells.
Indeed vasopressin-activated inositol phosphate
production in these cells appeared insensitive to
IAP treatment (Guillon, G., in preparation).
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