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ABSTRACT In rat pituitary GH3 cells, thyrotropin-
relesng hormone (TRH) and other secretion-stimulating hor-
mones trigger an increase in the cytosolic Ca2+ concentration
by two mechanisms. Ca2+ is released from intracellular stores
in response to inositol 1,4,5-trisphosphate and can enter the cell
through voltage-dependent L-type Ca2+ channels. Stimulation
of these channels is sensitive to pertussis toxin, indicating that
a pertussis toxin-sensitive heterotrimeric guanine nucleotide-
binding regulatory protein (G protein) is involved in functional
coupling of the receptor to the Ca2+ channel. We identified the
G protein involved in the stimulatory effect ofTRH on the Ca2+
channel by type-selective suppression of G-protein synthesis.
Antisense oligonucleotides were microinected into GH3 cell
nuclei, and 48 h after injection the TRH effect was tested.
Whereas antisense oligonucleotides hybridizing to the mRNA
of G. or Gn1 a-subunit sequences did not affect stimulation by
TRH, oligonudeotides supprsing the expression of the Gi2 a
subunit abolished this effect, and oligonudeotides directed
against the mRNA of the Gu, a subunit had less effect. The
requirement of a concurrent inositol phospholipid degradation
and subsequent protein kinae C (PKC) activation for theTRH
effect on Ca2+-channel activity was demonstrated by inbibitory
effects of antisense oligonucleotides directed against
Gq/Gij/Gz a-subunit sequences and treatment of GH3 cells
with PKC inhibitors, respflcively. Our results suggest that
TRH elevates the cytosolic Ca2+ concentration in GH3 cells
transientiy via Ca2+ rease from internal stores, followed by
a phase of sustained Ca2+ influx through voltage-dependent
Ca2+ channels stimulated by the concerted action of Gn2 (and
Gu) plus PKC.

Thyrotropin-releasing hormone (TRH), luteinizing hormone-
releasing hormone (LHRH), angiotensin II (A-II), and vaso-
pressin are hormones that stimulate hormone secretion in
pituitary and other endocrine ceils by elevating the cytosolic
Ca2+ concentration (1-3). In addition to stimulation of inosi-
tol 1,4,5-trisphosphate (IP3)-mediated Ca2+ release from in-
ternal stores, which induces a transient increase in cytosolic
Ca2+ (4, 5), these hormones stimulate voltage-dependent
Ca2+ channels in the plasma membrane (6-12), thereby
inducing sustained Ca2+ entry from the extracellular space
into the cells (1, 2, 13, 14).
The two transduction pathways involve different hetero-

trimeric guanine nucleotide-binding regulatory proteins (G
proteins). G proteins insensitive to the main exotoxin of
Bordetella pertussis, pertussis toxin (PT), probably belong-
ing to the Gq family (Gq, G,1) (15), functionally couple the
receptors to phospholipase C-.8, which catalyzes phosphati-
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dylinositol 4,5-bisphosphate hydrolysis. The immediate
products of this reaction, IP3 and 1,2-diacylglycerol, act as
the second messengers at the beginning ofa bifurcating signal
transduction pathway to induce (i) Ca2+ mobilization from
intracellular storage pools and (ii) activation ofprotein kinase
C (PKC) (16). Although some authors (17, 18) have suggested
the involvement of PKC for regulation of sustained Ca2+
entry in the presence of release-inducing factors, the impor-
tance of hormonally activated PKC in the regulation of Ca2+
channels remains unclear, since activation of PKC by phor-
bol esters inhibited Ca2+ currents in rat pituitary GH3 cells
(19) and other endocrine and neuroendocrine cells (20, 21).
Moreover, stimulation of voltage-dependent Ca2+ channels
by TRH, LHRH, and A-II involves G proteins sensitive to PT
(7, 8, 10).
Membranes of pituitary and other endocrine cells contain

several PT-sensitive G proteins that belong to the Gi and Go
families. Go,, Go2, GQ2, and Gi3 have been detected in GH3
cells (8, 22, 23). Although activated forms of Gi and G. were
identified by affinity labeling with azidoanilido-[a-32P]GTP
after stimulation with agonists inducing Ca2+-channel stim-
ulation and inhibition, respectively (ref. 22; and S. Offer-
manns, personal communication), the specific G proteins
mediating hormonal Ca2+-channel stimulation are not
known.
Here we report on the identification of the G proteins

involved in the TRH-induced stimulation of Ca2+ channels in
GH3 cells. We used intranuclear injection of antisense oligo-
nucleotides specifically hybridizing with mRNAs of Gi and
Go a-subunit sequences to suppress the expression of these
proteins (24, 25). We show that GQ2 is the main PT-sensitive
G protein involved in hormonal Ca2+-channel stimulation and
that this pathway requires concurrent PKC activation medi-
ated by PT-insensitive G proteins, as revealed by the use of
corresponding antisense oligonucleotides and PKC inhibi-
tors.

MATERIALS AND METHODS
Rat pituitary GH3 cells were obtained from the American
Type Culture Collection and cultured as described (10). Two
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days prior to microinjection, cells (passages 30-48) were
seeded at a density of about 103 cells per mm2 on glass slides
imprinted with numbered squares for convenient localization
of the cells intranuclearly injected with antisense oligonucle-
otides. The sequences of the oligonucleotides used were
determined by sequence comparison and multiple alignment
with the MACMOLLY TETRA software (Soft Gene, Berlin).
Oligonucleotides were synthesized in a DNA synthesizer
(Milligen model 8600) or purchased (TIB Molbiol, Berlin).
Injections of oligonucleotides (5 uM solution in water) were
performed with an automated injection system (24). The
calculated injected volume was 10 to 20 fl, which contained
10,000-20,000 full-length oligonucleotides. After incubation
in culture medium for 48 h, glass slides with injected cells
were transferred to a perfusion chamber (volume of 200 pl,
perfusion rate of 5 ml/min) for electrophysiological determi-
nations.

Whole-cell membrane currents were measured according
to the method of Hamill et al. (26). The extracellular solution
in the perfusion chamber contained 140 mM NaCl, 1.8 mM
CaCl2, 1 mM MgC2, 5.4mM KCI, 10mM glucose, and 10mM
Hepes/NaOH (pH 7.4 at 3rC). After obtaining the whole-
cell configuration, the external solution was changed to a
nominally Ca2+-free solution containing 140 mM NaCl, 5.4
mM CsCl, 10 mM glucose,, 1 mM EGTA, and 10 mM
Hepes/NaOH (pH 7.4 at 37C). Since apparent TRH effects
on Ca2+ channels strongly depend on intracellular Ca2+, a
nominally Ca2+-free solution was used, which does not allow
refilling of internal Ca2+ stores depleted by first exposure of
cells to the hormone (10, 13). Use of this solution makes it
possible to study the multiple mechanisms by which TRH
modulates voltage-dependent Ca2+ channels (10). Under
these conditions, currents through Ca2+ channels occurred as
monovalent ion fluxes. The patch pipettes (average resis-
tance of 1-1.5 MQl) were filled with a solution containing 120
mM CsCl, 3 mM MgCl2, 5 mM MgATP, 10 mM EGTA, and
10 mM Hepes/CsOH (pH 7.4 at 37°C). For estimation of
current-voltage relations of Na+ currents carried through
high-threshold, dihydropyridine-sensitive (L-type) Ca2+
channels, cells were held at -80 mV, and every 3 s the
potential was linearly altered from -100 to +100 mV at 0.67
V/s. The holding potential of -80 mV was sufficient to fully
inactivate currents through low-threshold (T-type) Ca2+
channels. The cells exhibited a U-shaped Ca2+ channel
current with a maximum of 1.77 ± 0.55 nA (mean ± SEM; n

36) at about -40 mV. The apparent threshold occurred at
-70 mV, and the reversal potential was at 25 mV. The current
amplitudes corresponded to those measured during step
pulses to the respective potentials.
Peak Ca2+ channel currents were determined as maximal

inward currents in reference to the assumed leak conduc-
tance. The assumed leak conductance (1.8 ± 2.4 nS, mean ±

SEM; n = 56) was extrapolated from measured currents at
test potentials of -80 mV and -100 mV and subtracted from
the measured current-voltage relation. Only those experi-
ments in which the unspecific conductance remained un-
changed were analyzed. Recording of currents was usually
started 5 min after disruption of the membrane patch for
intracellular dialysis with the pipette solution. The membrane
capacity amounted to 15.8 ± 5.1 pF (n = 31). Basal Ca2+-
channel currents and membrane capacities were not affected
by microinjection of any oligonucleotide used.
TRH, H-7 [1-(5-isoquinolinylsulfonyl)-2-methylpipera-

zine], and staurosporine were obtained from Sigma. Calphos-
tin C was purchased from Calbiochem.

RESULTS

TRH modulates the cytoplasmic free Ca2+ through multiple
mechanisms. If Ca2+ stores were filled, TRH (1 ,uM) induced

an IP3-mediated, PT-insensitive Ca2+ release; if they were
empty, the hormone stimulated voltage-dependent Ca2+
channels in a PT-sensitive manner (10). During the first TRH
application to cells incubated in Ca2+-containing medium or
in nominally Ca2+-free external solution, the Ca2+ release
caused an inhibition of the Ca2+ current, presumably due to
Ca2+-dependent Ca2+ channel inhibition. In cells incubated
in the nominally Ca2+-free external solution, the Ca2+ release
during the first TRH administration is not sufficient for
refilling of the internal stores (10, 13); during further appli-
cations of TRH, we were able to observe the PT-sensitive
stimulation of dihydropyridine-sensitive (L-type) Ca2+ chan-
nels (Fig. 1A).
Membranes of pituitary GH3 cells contain several PT-

sensitive G proteins; a subunits ofGi2, Gi3, G.,, and Go2 have
been detected (22, 23). To determine the PT-sensitive G-pro-
tein type(s) involved in the current stimulation, we injected
short antisense oligonucleotides, complementary to specific
regions ofRNAs encoding a subunits, to suppress selectively
the synthesis of individual G-protein a subunits. After intra-
nuclear injection of the antisense oligonucleotide icom, which
is complementary to a translated region of all mRNAs
encoding Gi a subunits, stimulation of peak Ca2+ channel
currents by TRH was abolished in a time-dependent manner
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FiG. 1. Effect of TRH on Na+-caried Ca2+-channel currents in
pituitary GH3 cells. Time courses of Ca2+-channel inward currents
evoked by repetitive (0.3 Hz) linear voltage-ramp pulses at 0.67 V/s
from -100 mV to +100 mV are shown. Peak currents were deter-
mined as maximal inward currents during the voltage pulses. (A)
Noninjected GH3 cell. (B) Cell injected with the antisense oligonu-
cleotides tq, tll, and tz directed againstmRNAs encoding a subunits
ofGq, G11, and G,, respectively. (C) Cell pretreated with H-7 (10 ,uM
for 3 min). Recording of currents was started 4-6 min after intra-
cellular infusion ofthe pipette solution. The presence ofTRH (1 pM)

and H-7 (10 ,uM) is indicated by horizontal bars. tq (CAACCTCTC-
GAACCAATTGTG) corresponds to at 310-330 of the identical
strand ofthe Gaq gene sequence (27) and is able to hybridize with the
mRNA of Gaq. tll (GGAGTGCATTGGCCTTGTTCTGCT-
CATAC) corresponds to nt 287-315 ofthe identical strand ofthe Gall
gene sequence (27) and is able to hybridize with the mRNA of Gail.
tz (TCAGCGGGGCCCGTCAGCGCAAAGAGC) corresponds to nt
317-343 of the identical strand of the Gaz gene sequence (28) and is
able to hybridize with the mRNA of Ga,.
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In contrast to icom, injection of the oligonucleotide Ocom,
which is complementary to a translated region of all mRNAs
encoding G. a subunits, was ineffective in preventing TRH-
induced Ca2+-channel stimulation 48 h after injection (Fig.
2B). In line with this finding, injection of oligonucleotides
that selectively target regions on the Ga., (oligonucleotide
tol) and Gao2 (oligonucleotide to2) mRNAs encoding the Go,
and Go2 a subunits, respectively, did not prevent the hor-
monal current stimulation. In GH3 cells, oligonucleotides tol
and to2 have been demonstrated to abolish Go,- and Go2-
mediated Ca2+-channel inhibition through muscarinic and
somatostatin receptors, respectively (24).
Our results suggest involvement ofproteins ofthe Gi family

in the stimulation of Ca2+ channels by TRH. To determine
which G-protein subtype is involved, we injected oligonu-
cleotides that are reverse complementary oriented to specific
regions of mRNAs specifically encoding one subtype of G, a

subunit. An antisense oligonucleotide hybridizing with a
translated region (oligonucleotide til) or a nontranslated
region (oligonucleotide 5'il) of the Gail mRNA did not affect
the Ca2+-channel stimulation by TRH (Fig. 3). This is in line
with previous data (23) demonstrating that, in contrast to
pituitary tissue, Gail mRNA is not detectable in the pituitary-
derived GH3 cell lines. Injection of the antisense oligonucle-
otide ti2, which is complementary to a translated region of
GaU2, largely reduced the TRH-dependent Ca2+-channel stim-
ulation, suggesting involvement of Gi2 in TRH-induced cur-
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FIG. 2. Ca2+-current stimulation by TRH in GH3 cells injected
with antisense oligonucleotides directed against mRNAs encoding a
subunits of G proteins. Cells were prestimulated by short-term
extracellular application of TRH (1 tM) in Ca2+-free solution to
eliminate inhibitory hormonal effects on currents depending on
TRH-induced intracellular Ca2+ mobilization (compare with Fig.
1A). (A) Time course of current stimulation by TRH (1 ,M) in GH3
cells injected with the antisense oligonucleotide icom at time point
zero. The increase in current is shown as a percent of the peak
current observed in the absence of the receptor agonist. Mean values
+ SEM are shown. The number of cells tested at 0, 6, 12, 24, 48, 62,
and 72 h was 10, 8, 3, 4, 5, 11, and 12, respectively. (B) Current
stimulation by TRH (1 uM) in GH3 cells 48 h after injection with
antisense oligonucleotides. The lines represent the medians; the
numbers enclosed in parentheses indicate the number of recorded
cells. The injected oligonucleotides are indicated on the abscissa.
The recording conditions were as described in the legend to Fig. 1.
icom (ARGTTSYKGTCGATCAT) corresponds to nt 51-67 of the
identical strand of all known Gai gene sequences (29). icom is able to
hybridize with the mRNAs of all known isoforms of Gai. Abbrevi-
ations for degenerate base positions are R (G or A), Y (T or C), K (G
or T), and S (G or C). om (TGCGACTCACCACGTCACACAC)
corresponds to nt 318-339 of the identical strand of the Gao gene
sequence (29). °com is able to hybridize with the mRNAs of all known
variants ofGao. tol (AGGCAGCTGCATCTTCATAGGTGTT) cor-
responds to nt 907-930 of the identical strand of the Gao1 gene
sequence (30). It is able to hybridize with the described Ga01 mRNA.
to2 (GAGCCACAGCTTCTGTGAAGGCACT) corresponds to nt
907-930 of the identical strand of the Ga02 gene sequence (30). It is
able to hybridize with the described Gao2 mRNA.

(Fig. 2A). Between 24 and 48 h, the peptide hormone was
without effect (current increase by -2% + 4%, n = 5, 48 h
after injection of icom), but after 72 h the response of Ca2+
channel currents to TRH was restored. As previously dem-
onstrated in GH3 cells, icom was ineffective in suppressing
Ca2+-channel inhibitions via muscarinic and somatostatin
receptors, which are mediated by Go, and G02, respectively
(24). Complete prevention of TRH-induced current stimula-
tion by icom was also seen using only 1/10th of the concen-
tration of oligonucleotides routinely used in the present and
previous studies (24, 25).
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FIG. 3. Ca2+-current stimulation by TRH in GH3 cells injected
with antisense oligonucleotides directed against mRNAs encoding a
subunits of G proteins. The percent increase in peak Ca2+-channel
current by TRH (1 ,uM) in noninjected cells and in cells injected with
the oligonucleotides indicated on the abscissa is shown. The lines
represent the medians; the numbers enclosed in parentheses indicate
the number of recorded cells. Identical symbols indicate identical
groups of observations. The recording conditions were as described
in the legend to Fig. 1. til (CAGCAAGCACGAAGAGTTGGC)
corresponds to nt 316-336 of the identical strand of the Gai1 gene
sequence (29). It is able to hybridize with the described Gai1 mRNA.
5'il (GGTGGCCGAGCGTCGCCGCG) corresponds to nt -20 to -1
of the identical strand of the Gail gene sequence (29). It is able to
hybridize with the described Gail mRNA. ti2 (CGGCAGCACAG-
GACAGTGCGAACAGC) corresponds to nt 317-342 of the identical
strand of the Gaj2 gene sequence (29). It is able to hybridize with the
described Gai2 mRNA. 5'i2 (CCTGCCGTCCGCCGGCCCGG) cor-
responds to nt -20 to -1 of the identical strand of the Gai2 gene
sequence (29). It is able to hybridize with the described Gai2 mRNA.
ti3 (CAGCACTGCCAGCTAAAACAA) corresponds to nt 322-342
of the identical strand of the Gai3 gene sequence (29). It is able to
hybridize with the described Gai3 mRNA. 5'i3 (GACGGCGGCCG-
GAGAGGGGA) corresponds to nt -20 to -1 of the identical strand
of the Gai3 gene sequence (29). It is able to hybridize with the
described Gai3 mRNA. The sequences of tq, tll, and tz are given in
the legend to Fig. 1.
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rent stimulation. The likely involvement ofGi2 was confirmed
by microinjecting the antisense oligonucleotide 5'i2, which is
complementary to a 5' nontranslated region of the Gai2
mRNA and induced similar effects on the TRH effect as did
ti2 (see Fig. 3). Intranuclear injection of antisense oligonu-
cleotides that target the GaB3 mRNA (i.e., ti3 and 5'i3, which
are complementary to translated and 5' nontranslated regions
of the Gai3 mRNA, respectively) only slightly affected TRH
stimulation. ti2 together with ti3 completely prevented the
stimulatory effect of TRH on Ca2+-channel currents. This
suggests that Gi2 and GO3 synergistically transduce the stim-
ulatory hormonal signal to the channel.
The present data show that stimulation of pituitary, dihy-

dropyridine-sensitive Ca2+ channels by TRH involves the
widely distributed Gi subtype GQ2. Gi2 is assumed to be
involved in the receptor-induced inhibition of adenylyl cy-
clase (31). Release-inducing hormones, however, cause no or
insignificant inhibition of adenylyl cyclase (32, 33). Instead,
these secretion-stimulating hormones, via PT-insensitive G
proteins of the Gq family (Gq, G11; ref. 15), activate phos-
pholipase C-f1 and cause hydrolysis of phosphatidylinositol
4,5-biphosphate to IP3 and diacylglycerol with subsequent
PKC activation. To determine whether TRH-induced Ca2+-
channel stimulation requiring Gi2 activation is primed by
simultaneous PKC activation, we studied the possible inter-
ference ofantisense oligonucleotides against the a subunits of
the PT-insensitive G proteins Gq, G11, and G. and of various
inhibitors of PKC.

Simultaneous intranuclear injection of antisense oligonu-
cleotides tq, tll, and tz, which are complementary to indi-
vidual and translated regions of the Gaq, Ga11, and Gaz
mRNAs, respectively, suppressed both the 1P3-mediated
current inhibition during the first TRH application (see Fig.
1B) and the stimulatory TRH action on the channels during
further applications of the peptide hormone (see Fig. 1B and
Fig. 2). This observation indicates that hormone-induced
hydrolysis of phosphatidylinositol 4,5-bisphosphate to IP3
and diacylglycerol with subsequent PKC activation is re-
quired to allow Gi2-mediated Ca2+-channel stimulation. It is
likely that PKC represents the active component of the
priming inositol phospholipid response and that Gi2 or a
Ca2+-channel component may serve as a target for PKC
action, allowing stimulatory G-Ca2+-channel interaction.
The assumption that PKC plays an essential role in Ca2+-
channel stimulation is supported by the finding that H-7 and

agonist
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PI response
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I rn r r)

extracellular
space

staurosporine, specific inhibitors of PKC at the catalytic
domain (34), completely suppressed the TRH-induced Ca2+
channel stimulation. When H-7 (10 AM) was extracellularly
applied, the current inhibition by TRH persisted; in contrast,
the subsequent enhancement observed during further appli-
cation of the hormone was blocked (4% ± 2% current
increase; n = 11) (see Fig. 1C). In the presence of stauro-
sporine intracellularly infused at 10 AM via the patch pipette
for 5 min, the current increase induced by TRH was 7% ± 5%
(n = 5). Similar results were obtained with calphostin C, a
specific inhibitor ofPKC at the regulatory domain (34). In the
presence of calphostin C intracellularly infused at 1 AM via
the patch pipette for 5 min, the current was increased by 3%
± 2% (n = 5).

DISCUSSION
Our experiments show that Gi proteins are involved in TRH
receptor-mediated stimulation of pituitary Ca2+ channels.
The identification of proteins of the Gi family, mainly Gj2, in
stimulatory effects on Ca2+ channels extends the general
concept of multiple G-protein-mediated regulations of Ca2+
channels.
The first observed G-protein effect in the regulation of

Ca2+ channels was that of G.. In cardiac cells, G,- and
adenylyl cyclase-stimulating hormones increase dihydropy-
ridine-sensitive (L-type) Ca2+ currents by a dual pathway;
Ca2+-channel activity is indirectly enhanced by phosphory-
lation of channel components by the catalytic subunit of
cyclic AMP-dependent protein kinase and, more directly, by
Ga,-Ca2+-channel interaction (35).
The essential role ofG proteins ofthe Gi family in hormonal

Ca2+-channel stimulation was previously hypothesized,
based on findings in adrenal cortical Y1 cells (7), where the
stimulatory effect of A-II was PT-sensitive and the mem-
branes contained PT-sensitive G proteins of the Gi type but
no Go. PT-sensitive Ca2+-channel stimulation was also ob-
served in GH3 cells by TRH, LHRH, and A-II (8, 10) and in
pheochromocytoma PC-12 cells by platelet-activating factor
(M.G., unpublished data). Whereas Gi2 occurs ubiquitously,
additional Gi3 expression was detected in membranes of GH3
cells (23), and Gil is expressed in PC-12 cells (36).

Identification of the involved Gi subtype became possible
by intranuclear injection of antisense oligonucleotides to
suppress the expression of individual G-protein subunits in
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FIG. 4. Signal-transduction pathways involved in hormonal Ca2+-channel stimulation. From the data presented, two pathways emerge to
result in confluent regulation of the L-type Ca2+ channel in secretory cells. Whereas a PT-sensitive pathway appears to involve Gi2, PKC
stimulation resulting from Gq/Gll-mediated activation of phospholipase C-,B is likely to represent an additional permissive signal priming the
Ca2+ channel for Gi2 modulation. WhetherPKC acts on Gi2 or a Ca2+-channel component and whetherTRH acts through one or separate receptor
subtypes remain to be determined. x4 indicates four hexahelical repeats in the structure of the pore-forming a, subunit of the calcium channel.
PI, inositol phospholipid; PIP2, phosphatidylinositol 4,5-bisphosphate; PLC, phospholipase C; DAG, diacylglycerol.
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pituitary GH3 cells (24, 25). This approach allowed us to show
that stimulation of dihydropyridine-sensitive Ca2+ channels
byTRH is mainly mediated by the widely distributed Gi2 with
a minor contribution of Gi3. Gj2 is assumed to be involved in
hormonal inhibition (e.g., by a2-adrenergic agonists) of ad-
enylyl cyclase (31). On the other hand, Gil has been reported
to couple somatostatin receptors of pituitary AtT-20 cells to
adenylyl cyclase (37). Although Gi3 can also be activated by
a2-adrenergic agonists, Gi3 apparently does not contribute to
inhibitions of adenylyl cyclase (38); Gai3 has been shown to
activate a Na+ channel in the epithelial cell line A6 (39) and
to stimulate K+ channels, including inwardly rectifying chan-
nels in atrial and pituitary cells as well as ATP-dependent K+
channels in ventricular cells (40).

Secretion-inducing hormones cause no or insignificant
inhibition of adenylyl cyclase (32, 33). Although 8-bromo-
cAMP has been shown to stimulate L-type Ca2+ channels in
chromaffim cells (41), release-inducing hormones stimulate
Ca2+ channels independently of intracellular cyclic AMP
levels (8). In addition to stimulation of Ca2+ channels in
pituitary and other endocrine cells (6-12), TRH, LHRH,
A-II, vasopressin, and platelet-activating factor induce a
inositol phospholipid response with subsequent PKC activa-
tion (4, 18, 42, 43). Our data demonstrate that the TRH-
induced Ca2+-channel stimulation was abolished by antisense
oligonucleotides preventing the expression of G proteins of
the Gq family, which are presumably involved in the TRH-
induced stimulation of phospholipase C-p. The involvement
of PKC is additionally supported by the block of TRH-
induced current stimulation by H-7, staurosporine, and
calphostin C, which are relatively specific inhibitors ofPKC.
Staurosporine has also been reported to inhibit A-II-induced
Ca2+-channel current stimulation in adrenal bovine cells (44).
Taken together, these results suggest an essential involve-
ment of a Gq/11-mediated PKC effect on the TRH-induced
stimulatory pathway through Gi2 on the Ca2+ channel (Fig. 4).
Whether TRH activates Gi2 and Gq/ii via the same or
different receptors has not been determined. A PKC-
dependent step modifying Gi2 appears to be possible as Gi2
has been reported to be a target for phosphorylation by PKC
(45). Whereas this possible PKC-induced modification of Gi2
may interfere with the inhibitory effect of Gi2 on adenylyl
cyclase, the altered Gi2 protein may exert a stimulatory effect
on Ca2+ channels. On the other hand, a PKC-mediated
modification ofa Ca2+-channel component may be necessary
for Gj2-Ca2+-channel interaction. Further studies are neces-
sary to specify the PKC isoform involved in the hormone-
induced channel stimulation and its exact role in Gi2 or
Ca2+-channel phosphorylation.
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