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The protein phosphatase inhibitor, okadaic acid, potentiates the
stimulatory effect of phiorbol ester on phosphatidylcholine synthesis, but
not on phospholipid hydrolysis, in fibroblasts
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The potent prolein phosphatase inhibitor. okaduie acid, was used to delermine the possible role of pratein phospharylation reanction(s} in phorbel

ester-induced synthesis und hydrolysis of phosphatidylcholing (PidCho) in W1M T2 fibrablasts. Okadaie asid (2 2M) was found to enhange the

stimulatory elTects of lower concentrations (2.5-25 nM) af pharbol 12.myristute 13.acetate (FMA) on PrdCho synthesis, But nat ap PdChe

hydrolysis, nlter (reatments (or 36-60 min, These dutas support a view that in fibrobluasts PMA stithulates only PrdCho synthesis, and nat FidChe
hydrolysis. by a4 prowin phosphorylation-depensdent mechanism,

Okadaic ucid; Pharbel ester; Phosphatidylcholine synthesis

l. INTRODUCTION

[n most mammalian cell types examined, the potent
tunmior promoter, phorbol [2-myristate 13-acetate
(PMA), stimulates the synthesis of CDP-chsline, the
rateslimiting  substrate for  phosphatidylcheline
(PtdCho) synthesis (reviewed in [1-3]). Since the major
celiular target of PMA is protein kinase C (PLC) [4-6],
one would expect that regulation of PtdCho synthesis
by the PMA/PKC system involves n protein phospho-
rylation reaction, However, attempts to show phospho-
rylation of chaline phosphate cytidylyltransferase (EC
2,7.7.13) by PKC have failed so far [7-9]. In addition,
recently Match et al, [10] showed that in hepatocytes, the
protein phasphatase inhibitor, okadaic acid. inhibited
PtdCho synthesis, implying that phosphorylation of
rf-.gulatory protein may actually inhibit PtdCho synthe.
8is.,

PMA. in addition to stimulating PtdCho synthesis,
also stimulates PtdCho hydrolysis in virtually all eell
types [3,11,12]. Furthermore, 1.2-diacylglycerol (1.2-
DAG), often a degradation product of PtdCho hydraly-
sis, also stimulates P1dCho synthesis by a PKC-inde-
pendent mechanism [13-16]. Thus, it is possible that
1,2-DAG mediates the stimulatory effect of PMA an
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PidCho synthesis. Indeed, recently Utal et al, (9] sug-
gested that in Hela cells, 1.2-DAG has such mediatory
role. On the other hand, we have presented evidence
aguinst a mediatory role of 1,2-DAG in NIH 3T3 fi
broblasts {17.18].

Previous results obinined with membranes isolated
from HL-60 celis [19] or lung fibroblasts [20] suggested
thut regulation of phospholipase D (PLD) activity by
PMA/PKC did not invalve a protein phesphorylation
reaction. In an effort to understand the mechanism by
whicli PMA regulates PtdCho synthesis in fibrablasts,
here I examined the possible involvement of & protein
phosphorylation mechanism. Using okaduic acid, a po-
tent inhibitor of major phosphatases in fibroblasts [21].
now I present evidence that in NIH 3T3 fibreblasts,
regulation of PtdCho synthesis by PMA inveolves a pro-
tein phosphorylation reaction.

2. MATERIALS AND METHODS

2.1, Materinls

PMA, PidCho and Dowex-50W(H" form) wers purchased fram
Sigma Chemical Co. (St. Louis, MO, USA): okudaic acld und tissus
culture reagents were from Gibco (Grund Island, NY, USA); for
compuriative purposes, okadais asid was alse purchased from Kamiyn
Biomedicnl Co. (Thousand Quks. CA. USA) [methyl-“Clcholine
chloride (50 mCiinmol) was from Amersham Corporation {Arlington
Heights, [L, USA).

2.2, Cofl culiure

NIH 3T3 C-7 fibrablusts were continuously cultured in Dulbecco's
modified Eagles medium (OMEM) supplemented with 10% (v/v) fetal
culf serum, penicillin (5¢ U/mlysireptamyein (50 gg/ml), and glutam-
ing (2 mM). Fibreblasts were seeded in 150.mm dlameter plastic
ishes, and growing {70-809) cell populations were harvested (3-5
dishes) after two days in culture,
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2.3 Afewsureient f PriChe synthesis in imact fibrablosts

For the meusurement of PidCho formation, fibrablasts wers hur-
vesled by gentle scraping from the dish, followsd by incubstion of
suspended fibroblusts (G.8-1.1 x 18%ml; finul volume 0,25 ml) with
[methyl-Clcheline ¢1.25-2 #CUml) in an incubator a¢ 37*C for 15-60
min in the presence of PMA und/or ekudaic aeid, us indieated. [neuba-
lions were terminaied by uddition of 4 m! of chloroform/methunol
{141, viv). PrdCho was separuted from other lipids an silica gel M plates
by ane-dimensional TLC using chloroform/methanol/28% ammonia
(6572515, viviv),

24, Meusurenent of PudCho hydrolexis in incact fibrobluses

NIH AT fibrablasts were lubelled with {methyl-"Clsheline for 48
h, washed, incubated for 3 hin fresh DMEM, and then hurvested as
sbove, Portions of suspended ¢ells (0.9-1.2 x 10%ml) were incubated
(final valume 0.25 ml) in an incubator at 371°C in the presense of 20
mM unlubelied chaline {to prevent phospharylation of newly formed
[“Cleholine) alang with other ngenis, us specified, [“C]Chaline was
separated from other degradation produets by using Dowez-50W(H™)
packed columns {Bio-Rud econa-columns; } mi bed volume} as de.
scribed by Cook und Wakelam [21). [“C]Chaline phosphate und
["Cleholine were cluled successively by 20 ml of water und 15 @l of
I M HCH, respestively. and their [MC] conlent was determined, as
deseribed surlier [17).

3. RESULTS AND DISCUSSION

Previous studies in our laboratory using NIH 3T3
fibroblusts {1 7] established that PMA has similar effects
on the incorporation of [MCichoeline and P, into cellu-
lar PtdCheo, and that PMA has no «fTect on the cellular
uptitke of [MClcheoline. For convenience, in the present
study. [“Clcholine was used as the labelling agent to
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Fig. 1. Potentistion of PMA-stimulated PtdCho syathesis by okudaic
acid i NIH 3T3 fibroblasts, NIH 3T3 fibroblasts wers incubated with
[“Clchaline for 60 min in the presenes of various consentrations of
BMA without (#) or wilh (A) 2 4M okadaic acid as dessribed in
seciion 2, Edch peint represents the menn £ 8,E.M, of {our incubu-
tions, Similar results were obtained in three ather experiments,
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Fig 2. Time dependense of the combined stimulatory elTects of PMA

und akadaie veid on PtdCho synthesis, NIH 1T3 fibrablasts were

incubated with [“Cleholine for 15-60 min in the ubsence (@) or pres-

ence of 2 uM akadaic seid (&), 2.5 oM PMA (), ar okadaijc acid plus

PMA (®), us described in section 2. Each point repressnis ihe

mean x S.E.M. of four incubations. Similar results were abtained in
two other experiments,

determine the exient of PtdCho synthesis. The concen-
tration-dependent effect of PMA on PtdCho synthesis
in the absence or presence of okadaic acid (2 uM) is
shown in Fig, 1. PMA, at a concentration as low as 2.5
nM, stimulated PtdCho synthesis about 1.4-fold: a
nearly maximal (3.25-fold) stimulation of PtdCho syn-
thesis was observed with 50 nM TPA during a 60-min
incubation period. In fibroblasts, in contrast to hepato-
cytes [10), okadaic acid (2 #M) only slightly (~20% or
less) inhibited PtdCho synthesis in the absence of PMA.
More importantly, okadaic acid enhanced the stimula-
tory effects of lower concentrations of PMA. Thus, at
2.5, 5.0, 10 and 25 nM coneenirations of PMA, okadaic
acid has 1.8-, 1.5+, 1.25. and 1.15-fold potentiating ef-
fects, respectively.

In the absence of okadnic acid, significant stimulation
of PtdCho synthesis by 2.5 nM PMA could be abserved
only after a 45-min treatment period (Fig. 2). In the
wresence of okadaic acid, however, PMA had a detecta.
ble (~1.3-fold) stimulatory effect after 30 min of treat-
ment (Fig. 2).

The possible potentiating effect of okadaic acid on
PMA-stimulated P1dCho hydrelysis was examined in
[“Clcholine-labelled cells. Previous studies from our
laboratory [19] showed that in {“Clcholine-prelabelled
NIH 3T3 cells, PMA-induced formation of ["*Clcholine
was due to PLD-mediated hydrolysis of the labelled
PtdCho pool. In five experiments, we consistently ob-
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Fig. 3, Effects of okadaic neid und BMA an PtdChio hydralysis. MIH

T3 fibroblusts were lubelled with {“Cleholine for 48 h, and then

suspended cells were treated with 0=-50 nM concenirations of I"MA in

the absence (@) or presence (A) of 2uM okucais acid, The “C content

of FidCho was 1.16 x 10" dpm/1C* cells. Euch point copresents the

mean = S§.E.M. of lour incubations. Similur rasulls were obtained in
four other experiments.

served 10-15% stimulation of ["*Clcholine formation by
2 uM of okadaic acid in the absence of PMA (a repra-
sentative experiment is shown in Fig. 3). While 2.5-50
nM concentrations of PMA, significantly enhanced the
hydrolysis of PtdCho. al none of these concentrations
wis the effect of PMA enhanced by okadaic ucid above
the smali effect observed in the absence of PMA (Fig.
3). In addition. even the small stimulatory effects of
okadaic acid, observed in the nbsence or presence of
PMA alter incubations for 60 min, became undstectable
at shorter (45 min or less) incubation times (data not
shown). These data support those earlier [19,20] that
PMA-induced PtdCho hydrolysis prebably does not in-
volve pretein phosphoryiation. In addition, comparison
of data in Figs. 1-3 clearly indicates that regulation of
the synthesis and hydrolysis of PidCho by PMA in-
volves different mechanisms.

In fibroblasts, PMA also stimulates PLC-mediated
hydrolysis of phosphatidylethanolamine, another po-
tential source or 1,2-DAG [19,23]. However, at 15, 30,
45 and 60 min incubation times, 2 uM okadaic acid
failed to enhance the stimulatory effects of 2.5-30 nM
concentrations of PMA on the hydrolysis of this phos-
pholipid (data not shown).

In conclusion, the ability of the specific protein phos-
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phatase inhibitor. okadaic acid, to enhance the stimula-
tory cffects of sub-optimul concentrations of PMA an
PtdCho synthesis indicates that in fibroblasts the stimu-
lation of PtdCho synthesis by PMA involves a protein
phosphorylation reaction. At higher (50-100 nM) con-
centrations of PMA, PK.C is apparently sufficiently ac-
tivated to keep the (unknown) regulatory protein in the
phosphoryluted (and activated) state: this explains the
inability of okadaic acid te enhance the effects of higher
consentrations of PMA,

The inability of okadaic acid to patentiate the stimu-
latory effect of PMA on PtdCho hydrolysis confirms
recent suggestions {19,20] that regulation of PLC activ-
ity by PKC may not involve a protein phosphorylation
reastion. In uddition, these data are consistent with our
findings [17.18] that in fibroblusts, PMA-induced
PtdCho synthesis is not causally related te increased
phospholipid degradation.
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