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SUMMARY

Thyrotropin releasing hormone (TRH) enhanced incorporation of
[32PJorthophosphate into phospholipids in GHy cells, cloned rat
pituitary cells that produce prolactin. [323]orthophosphate incor-
poration into phosphatidic acid was significantly increased 30 sec
after TRH addition and attained a steady-state level after 2 min.
In contrast, [32PJorthophosphate incorporation into phosphatidyl-
inositol was not significantly increased until 2 min after TRH.
[32p Jorthophosphate incorporation into phosphatidylcholine and
phosphatidylethanolamine were not affected. TRH had no effect on
[32P]Jorthophosphate uptake by GH3 cells for at least 2 min, but
stimulated 45Ca2+ efflux from GH3 cells within 15 sec. Since TRH
enhancement of [32PJorthophosphate incorporation into Ehosphatidic
acid was temporally associated with its effect on 45Ca2t efflux and
Ca2* appears to be a critical intracellular regulator of prolactin
release, we suggest that acidic phospholipid metabolism may be
involved in TRH-induced, Ca2*-mediated prolactin secretion.

INTRODUCTION

A specific and rapid increase in the turnover of the phosphor-
ylinositol moiety of PI1 has been demonstrated to occur after hormone-
receptor interaction in a diverse group of secretory cells (1,2). Since
Ca2* has been shown to serve as a critical intraceliular regulator of

secretion in virtually all of these cell types, it has been suggested that

1. Abbreviations: Thyrotropin releasing hormone, TRH; phosphatidylinositol,
P13 phosphatidic acid, PA; phosphatidylcholine, PC; phosphatidylethanol-
amine, PE; [32PJorthophosphate, [32P]P;; balanced salt solution, BSS;

N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid, Hepes.
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metabolism of PI may be involved in the mechanism by which these hormones
regulate Calt movements within cells. PA, a precursor of PI but not PI
itself, has been shown to have marked CaZ* ionophoretic activity (3,4) and
could potentially serve as a Calt-mobilizing species. We have recently

found that interaction of TRH with its receptor on the plasma membrane of

GHy cells, cloned rat pituitary cells that produce prolactin, caused mobil-
jzation of cell-associated Ca2t which apparently served to couple stimulation
by TRH to prolactin secretion (5). It was possible, therefore, that this

action of TRH may have involved an effect on phospholipid metabolism.

In this report, we have studied the effect of TRH on [32P]Pi incorpora-
tion into phospholipids and have compared it with its effect on 45Ca2+
efflux from GH3 cells. We demonstrate a temporal association between
enhancement by TRH of [32P]P; incorporation into PA and of 45ca2+ efflux and
suggest that acidic phospholipid metabolism may be involved in Ca2* mobiliza-
tion in GHgz cells.

MATERIAL AND METHODS

Cell culture. GHy cells were grown as monolayer cultures in Ham's
F-10 medium supplemented with 15% horse serum and 2.5% fetal bovine serum
as described (6,7). Prior to an experiment, the cells were harvested with
0.02% EDTA and incubated in BSS - 135 mM NaCl, 4.5 mM KC1, 1.5 mM CaCla,
0.5 mM MgCl2, 5.6 mM glucose, 2 g/1 ovalbumin, and 10 mM Hepes, pH 7.4 -
for at Teast 20 min.

Incorporation of [32P]Pi into lipids. Cells were divided into two
portions, centrifuged at 180 X g for 5 min, resuspended in fresh BSS
containing 0.1 - 0.4 mCi/ml [32P]Pj (carrier-free, New England Nuclear) and
placed in a beaker with constant stirring at 26°C. After 30 or 31 min, TRH
(final concentration 1 uM, Beckman) was added to one beaker. The incubations
were stopped rapidly by pipetting 0.1 ml of cell suspension (1.2-2.0 X 106
cells) into 2.4 ml chloroform:methanol (2:1, v/v). The organic phase of the
lipid extract was washed with 0.6 m1 2 M KC1 - 0.5 M phosphate buffer, pH 7.4,
to remove nonlipid phosphorus and exactly 1 ml of the organic phase was taken.
The 32P radioactivity of a portion of the organic phase was counted to deter-
min [32P]P; incorporation into total phospholipids. The remainder was air
dried at room temperature and resuspended in a small volume of chloroform:
methanol containing 70 ug of the following standards: PA; PI; PC; and PE.

This sample was guantitatively transferred onto 0.2 mm thin-layer silica gel
1B plates (J. T. Baker). Phospholipids were separated by one- or two-
dimensional chromatography (8). For one-dimensional chromatography, the
solvent system was chloroform:methanol:glacial acetic acid:water (25:15:4:2,
v/v/v/v). For two-dimensional chromatography the first dimension used the
same solvent as the one-dimensional technique and the second dimension used
chloroform:methanol:28% ammonia (65:25:5, v/v/v). After development and

125



Vol. 101, No. 1, 1981 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

drying in air, the plates were placed in a tank saturated with iodine vapor

for visualization of the phospholipid areas. After iodine had sublimed from
the plates, areas corresponding to the standard phospholipids were cut out,

the phospholipids were dissolved in a liquid scintillation cocktail and 32P

radioactivity measured. In each experiment,points taken in duplicate varied
by less than 10%.

[32P1P; uptake. Cells were divided into two equal portions, centrifuged
at 180 X g for 5 min, resuspended in fresh BSS (0.65 X 106 cel1s/100 ul) and
placed in a beaker with constant stirring at 26°C. At zero time, [32PIP;

{40 uCi/m1) with or without TRH (1 uM final concentration) was added to the
cell suspension. At the times indicated, the cells were separated by
centrifugation at 8,000 X g for 1 min through a Tayer of silicone in a
microfuge (9). 32P radioactivity in the cell pellet was measured in duplicate
samples which did not vary by more than 8%.

45Ca2+ efflux. After the cells were harvested with EDTA, they were
resuspended in F-10 medium containing 45Ca2*+ (50 uCi/mi). After 60 min, the
cells were washed with BSS, allowed to incubate in BSS for 15 min and resuspended
in fresh BSS (1.7 X 106 cells/0.1 m1). The cell suspension was incubated at
26°C with constant stirring and TRH (1 uM final concentration) was added at
zero time. The cells were separated from the incubation medium as described
above and 45Ca radioactivity in the supernatants and in the cell pellets were
measured in duplicate. These data are expressed as the fractional efflux
(rate constant) which is defined as the fraction of 45Ca2t leaving the cells
per min (10).

Statistical analysis was performed by t-test.

RESULTS AND DISCUSSION

Figure 1 illustrates that there was a constant rate of [32P]P4
incorporation into total phospholipids in control GH3 cells (1.6 X 103 cpm/
min/106 cells) which persisted for at least 51 min. When TRH was added
after 30 min there was an 8-fold increase in the rate of [32P]P1 incorpora-
tion (13 X 103 cpm/min/108 cells) which was a]réady apparent at 2 min, the
earliest time measured. This rapid effect on phospholipid metabolism is
similar to that described in other cells after secretagogue addition (1,2).

Figure 2 illustrates the effect of TRH, added after 31 min, on [32P]P1
incorporation into PA and PI. There was a very slow, constant rate of
[32P]P1 incorporation into PA and PI in control cells. The effect of TRH on
[32p1P; incorporation into PA was very different from its effect on [32p]p;4
incorporation into PI. TRH caused an almost immediate increase in incorpora-
tion of [32P]P; into PA. The levels obtained at 5, 10 and 15 sec after TRH

addition appeared to demonstrate a progressive increase in [32P]PA; however,
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Figure 1 Effect of 1 uM TRH on [32P]Pi incorporation into total
phospholipids. [32PIPi was added at zero time.

Figure 2. Effect of 1 uM TRH on [32P]P; incorporation into PA
and PI.

perhaps since tnese were only duplicate determinations, these values were not
significantly different from control. A significant increase in [32P]PA
was present after 30 sec and a steady-state level of [32P]PA, 5-fold greater
than control, was attained after 2 min and persisted for at least an additional
13 min. [32P]P; incorporation into PI did not appear to increase until
approximately 1 min after TRH addition and was not significantly increased
until 2 min after TRH addition. In fact, there may have been a small decrease
in [32p]PI up to 50 sec after TRH addition which may represent breakdown of a
small amount of prelabeled PI. This would be consistent with the general
observation that the enhanced phospholipid metabolism in cells after secretagogue

stimulation is initiated by breakdown of PI (1,2). After several min, seen in

this experiment beginning with the 6 min point, there was a marked increase

in the rate of incorporation of [32P]P; into PI which persisted for at least

an additional 10 min. The maximal rates of [32P]P; incorporation into PA and
PI were virtually identical, however, this rate of incorporation into PA lasted
for only 1 min while incorporation into PI persisted for at least 10 min. The
similar maximal rates of incorporation into PA and PI suggested that the steps

between conversion of PA to PI were not rate-Timiting in the metabolism of
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Table I

Effect of TRH on [32P]P1 incorporation into individual phospholipids
after 5 min.

[32p1P; incorporation (CPM X 10-4/106 cells)

Control TRH
Phosphatidic acid 3890+380 25900+1770
Phosphatidylinositol 6160+169 18300£1090
Phosphatidylethanolamine 711931 513+182
Phosphatidylcholine 6104 570+4

Cells were incubated in parallel in the presence of [32P]P1. After 30 min,
1 uM TRH was added to one beaker and the incubation was terminated after an
additional 5 min (at 35 min).

inositol phospholipids. For comparison, a single previous study involving
stimulation of [32P]P; incorporation into phospholipids in anterior pituitary
cells has been reported (11). In this report, a partially purified preparation
of "corticotropin releasing factor" was found to increase [32P]Pi incorporation
into PA and PI by 40% and 35%, respectively, after 60 min in rat hemipituitary

glands.

Table 1 illustrates that the effect of TRH on [32P]P; incorporation
into individual phospholipids was not generalized. After 5 min, TRH increased
[32P]P; incorporation into PA and PI by 6.7-fold and 3-fold, respectively. In
contrast, there was no increase in [32P]P; incorporation into PE or PC in this
experiment. In other experiments, there were small increases, up to 2-fold,
measurable in [32P]PC especially at later time points. This finding that the
effect of TRH was mainly limited to acidic phospholipids was also similar to

observations in other secretory cells (1,2).

It was possible that the increase in [32P]P; incorporation into PA
might have been due to increased [32P]P; uptake by the cells. This seemed
likely since Martin et al (12) have reported that TRH caused an increase in
[32pp; uptake by GHgCqy cells, a strain of rat pituitary cells related to
GH3 cells. However, in their study, stimulation by TRH of [32P]P; uptake

128



Vol. 101, No. 1, 1981 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

e
N
T

45Ca?* Fractional Efflux

0.04 |-v Ry

L 0 )
-60 0 15 30 45 60 75 120 360

Time (sec)

Figure 3 Effect of 1 uM TRM on 45Ca2+ fractional efflux. Cells
were prelabeled with 45CaZt and washed prior to beginning
the experimental incubation.

"by GH4C1 cells was not measurable until 10 min after TRH addition and attained
a steady-state level which was only 175% of control after 20 min. We found
that TRH had no effect on [32P]P; uptake by GH3 cells during a 120 sec
incubation (data not shown). Therefore, TRH stimulation of [32P]P; incor-

poration into PA was not due to enhanced uptake.

Figure 3 illustrates the time-course of the effect of TRH on the
efflux of 45Ca2*+ from GH3 cells. 45Ca2+ efflux was studied as a sensitive
index of cellular Ca2t metabolism. Basal fractional 45Ca2* efflux was
0.044%0.004 min-1 (meantSD). TRH caused a transient increase in the fractional
efflux of 45Ca2+ which was maximal at 15 sec (0.336 min-1), the earliest point
measured. Thus, TRH caused a very rapid increase in 45Ca2* efflux which was
already declining after 15 sec, a time at which a major effect of TRH on acidic

phospholipid metabolism was to increase [32P]P; incorporation into PA.

These data demonstrate that TRH rapidly stimulates phospholipid metabolism
in GH3 cells. The increase in incorporation of [32P]Pi into PA was temporally
associated with the effect of TRH on 45Ca2t efflux. The data are consistent
with the hypothesis (1.2) that enhanced inositol phospholipid metabolism is
involved in Ca2* mobilization into or within cells. For GH3 cells, the close

temporal association between stimulation by TRH of [32P]P1 incorporation into
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PA, which has a marked Ca2+ ionophoretic activity (3,4), and of 45Ca2+ efflux
suggests that PA may mediate Ca2t mobilization. However, since cleavage of
the phosphorylinositol moiety from PI most likely preceded the formation of
[32p]PA, we cannot exclude the possibility that steps between PI breakdown
and PA formation may have been involved in Ca2* mobilization. Since Calt
appears to be the critical intracellular regulatory (or coupling) factor for
prolactin release, we suggest that enhanced PA turnover may be involved in

TRH-induced, Ca2*-mediated prolactin secretion.
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