
Vol. 149, No. 1, 1987 

November30,1987 

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Pages 112-117 

PROSTAGLANDIH F2a IIIITIATES "OLYPHW'YATInYLIM'XITOL 

HYDROLYSIS AND MEMBRANE TRANSLOCATION 

9F PROTEIN KINASE C JV SWIE OVARIAN CELLS 

Johannes D. Veldhuis 

With the Technical Assistance 

of Diana Juchter 

and James Garmey 

Division of Endocrinology and Metabolism 

Department of Internal Medicine 

University of Virginia School of Medicine 

Charlottesville, VA ?2WB 

Received October 12, 1987 

The biochemical mechanisms subserving the inhibitory actions of 
prostaglandin Fp, on ovarian cells are not known. Since the protein kinase 
C pathway is coupled to steroidogenesis in an inhibitory fashion in pig 
granulosa cells, we have tested the hyuothesis that prostaglandin FPcr 
activates this phospholipid-dependent, calcium-stimulated effector pathway. 
Using monolayer cultures of swine granulosa cells, we now report that 
prostaglandin Fpa is capable of activating critical components of the 
protein kinase C pathway, including the production of water-soluble inositol 
phosphates, liberation of free arachidonic acid, release of endogenous 
diacylglycerol, and translocation of cytosolic protein kinase C to the 
phospholipid-enriched membrane microenvironment. B 1987 Academic Press. Inc. 

Prostaglandin F2a exerts potent inhibitory effects uoon ovarian 

(luteal) cells in a variety of species (l-3). However, to date the exact 

sub-cellular and biochemical mechanisms of the inhibitory actions of 

prostaglandin Fza on steroid hormone biosynthesis have not been delineated 

in detail. Recent studies of a phospholipid-dependent, calcium-activated 

protein kinase C effector pathway system in the ovary suggest %hat this 

Abbreviations: IP3, inositol-1,4,5-triphosphate; IPB, inositol-1,4-biphosphate; 
IPI, inositol-l-phosphate. 
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mediator system can be coupled to steroidogenesis in an inhibitory fashion 

(4,5). This pathway is activated in the presence of phospholipid 

diacylglycerol, and calcium ions. Accordingly, in the present studies we have 

tested the hypothesis that prostaglandin F2= activates one or more 

components of the protein kinase C system in ovarian cells. To this end, we 

investigated the ability of prostaglandin F2a to initiate the raoid release 

of water-soluble inositol phosphates and endogenous diacylglycerol, and to 

instigate the translocation of protein kinase C from cytosol to the 

phospholipid-enriched microenvironment of the cell membrane. 

Methods 

Granulosa cells were harvested by fine needle aseptic aspiration of 
porcine follicles of 1-5 mm diameter obtained from immature swine. Cells were 
washed three times in serum-free Eagle's Minimal Essential !!edia, and 
monolayer cultures established in 3 percent bovine fetal serum at a density of 
1X107 viahle cells/l0 cm Falcon tissue culture dishes !4). after 36 hr, the 
medium was removed and the specific experiments initiated. For equilibrium 
prelabelinq with r3H]myoinositol, cultures were exposed to Yams F-12 medium 
in the presence of 5 uCi/ml r3H]myoinositol (L-myo-r1,2-3H(N)]inositol 
5OCi/mmol) with no unlabeled myoinositol for 18 hr. Thereafter, the cells 
were washed twice in balanced salt solution, and incubated for one hr in the 
presence of 10 mM LiCl and 1 mM unlabeled myoinositol as a "cold chase" to 
dilute pools of unincorporated r3H]myoinositol. The medium was then 
removed, and replenished with or without nrostaglandin Fza (1 uq/ml). 4t 
designated intervals, medium was rapidly removed and cellular processes 
terminated by the addition of chlorofors/methanol (1:2, v/v) to permit the 
subsequent extraction of water-soluble [3H]inositol phosphates. Individual 
C3Hlinositol phosphates (inositol-1,4,5-trisphosphate, 
inositol-1,4-bisphosphate, and inositol-l-phosphate) were separated by 
anion-exchange chromatography, as described in the laboratory of nerridge 
(6). To simultaneously monitor the release of free arachidonic acid and 
diacylglycerol, cultures were also incubated with 1 kc/ml rl4Clarachidonic 
acid and the organic extract of the cells subjected to thin-layer 
chromatography using a solvent system of hexane:diethylether:acetic acid 
(65:35:4, v/v/v) to separate radiolabeled arachidonic acid and diacylglycerol 
(7). In the translocation experiments, cells were exposed to prostaglandin 
F2a or control solvent and harvested at indicated intervals. Cell pellets 
were washed rapidly by microfuge centrifugation, and the cell pellets lysed in 
hypotonic buffer (20 mm TRIS HCl pH 7.4) to prepare cytosolic (100,OqO X G X 1 
hr) and crude membrane fractions (PDB). The cytosol and membranes were then 
tested for [3H]phorbol-12,13-dibutyrate binding (20 n&l), which was 
quantitated in the presence or absence of l,OOO-fold excess unlabeled 
12-q-tetradecanoyl-13-acetate (TPA) to assess nonspecific and specific hindinn 
(4). 

Data were subjected to analysis of variance to ascertain siqnificant 
effects, which were discerned individually by the Newman-Keuls procedure (8). 
Each experiment was performed at least twice with a separate batch of cells 
derived from 200 ovaries. Radiolabeled compounds were purchased from Hew 
England Huclear Corp. (Boston, ?A) and prostaglandin F2a from JJpjohn Co. 
(Kalamazoo, MI). 
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Results and Discussion 

As shown in Figure 1, the addition of prostaglandin F2o to monolayer 

cultures of swine granulosa cells prelabeled to equilibrium with 
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Figure 1. Time-dependent liheration of water-soluble inositol phosphates from 
granulosa cells equilibrium relabeled with r3H]myoinositol. Granulosa 
cells were prelaheled with r5 Hlmyoinositol for lq hr, and after a 1 hr pulse 
chase were exposed to prostaglandin F2a (1 us/ml) or control solvent. The 
subsequent liberation of inosltol phosphates was assessed by anion exchange 
chromatography. 
bisphosphate; 

Ip3 I inosftol-1,4,6-trisphosphate; IP2 = inositol-1,4- 
Ip1 = inositol-l-phosphate. 

three independent determinations. 
Data are means + sn representing 

Figure 2. Time-dependent release of rl4Clarachidonic-acid labeled 
diacylglycerol or free arachidonic acid from swine granulosa cells in response 
to stimulation with prostaglandin F2 Yonolayer cultures of swine 
granulosa cells were equilibrium preflabeled with r14Clarachidonic acid and 
then exposed to prostaglandin F2a (1 ug/ml) or control solvent at time 0. 
The cells were subsequently extracted with organic solvents and 
C14CJarachidonyl diacylglycerol and free arachidonic acid quantitated by 
thin layer chromatography. 
Fig. 1. 

Data are otherwise as presented in the legend of 
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!3Hlmyoinositol resulted in the immediate liberation of water-soluble 

inositol phosphates. In particular, treated cultures exhibited a significant 

increase in inositol-1,4,%trisphosphate (IP3) accumulation within 15 and 

30 seconds of stimulation with prostaglandin Fe,. The increase in IP3 

accumulation was sustained over several min and then returned toward 

baseline. There was also a significant increase in inositol-l,Lbisphosohate 

with a more gradual and sustained pattern of accumulation. A similar delayed 

pattern was observed for inositol-l-phosphate. 

Coincident with the rapid liberation of IP3, prostaglandin Fza 

elicited a transient significant increase in the cellular content of 

C14C]arachidonyl-labeled diacylglycerol (Figure ?). The increase in 

intracellular diacylglycerol was transient and similar in time-course to that 

of IP3. 

The ability of prostaglandin Fzu to evoke the immediate release of both 

IP3 and endogenous diacylglycerol could provide a mechanism for activation 

of the protein kinase C effector pathway. This consideration is based on the 

recognized ability of IP3 to mobilize intracellular calcium in a variety of 

secretory tissues (9). In conjunction with increased intracellular 

concentrations of calcium ions, the availability of diacylglycerol in the 

presence of phospholipid to a functional protein kinase C enzyme could result 

in effective activation of this effector pathway. 

Prostaglandin FZa also elicited a rapid, reversible and time-dependent 

translocation of cytosolic protein kinase C to the membrane fraction of 

ovarian cells (Figure 3). Although the exact physiological significance oc 

the translocation process has not been fully defined, the present observations 

with prostaglandin FPa are congruent with the ability of diverse effector 

agents that activate protein kinase C to initiate the membrane translocation 

of this enzyme (10,ll). 4ccordingly, the present observations provide 

important evidence that prostaglandin Fza is capable of initiating cellular 

responses in ovarian cells typical of those accompanying activation of the 

protein kinase C effector pathway in other tissues. 
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Figure 3. Time-dependent translocation of cytosolic protein kinase C by swine 
granulosa cells stimulated with prostaglandin Fza. !donolayer cultures of 
pig granulosa cells were treated with prostaglandin Fza (1 wg/ml) or control 
solvent at time zero. Cells were subsequently harvested and the cytosolic and 
crude membrane fractions assayed for !3H]phorbol-12,134ibutyrate 
([3H]PDR) bindinq to identify the protein-kinase C phorhol-ester receptor. 
Data are mean ratios (N = 3 independent determinations). Ratio of PDB bindinq 
is shown in PRF2,Jcontrol cultures in cytosol (Panel A) and in membranes 
(Panel 6). 

The ability of prostaglandin F2= to stimulate the liberation of 

inositol phosphates and free diacylglycerol with concomitant translocation of 

cytosolic protein kinase C to the membrane provides a mechanistic model for 

further studies of the cellular actions of this hormone. The demonstration 

that all three of the preceding events are activated by prostaglandin Fza in 

granulosa cells complements and extends earlier observations on 
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polyphosphoinositide breakdown in the rodent corpus luteum (12). "loreover, 

our recent examination of steady-state calcium exchange in granulosa cells 

indicates that this specific orostaglandin also significantly alters 

equilibrium calcium exchange in isolated ovarian cells (13). Since 

prostaglandin F29 is intimately associated with inhibition of 

steroidogenesis and regression of the corpus luteum, these overall results 

provide a rationale for investigating the role of the calcium-dependent 

protein kinase C pathway in prostaglandin F2a-qediated luteolysis. 
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