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Xeigpus oocyles that express mouse thyrotropin-releasing hormone receptors (TRH-Rs) after injection if RNA transcribed from TRH-R cDNA

respoid to THR by a depolarizing current. This response is transduced by aclivalion of phospheinositide-specific phospholipase C and utilizes

an as yet unidentified endogenous guanine nueleolide-binding regulalory (G) protein(s). The & subunit of G;, and G, have reeenily been shown

to couple receptlors lo activation of phospholipase C. To determine whether there are functional differences between thiese proleins, we have

co-gxpressed the TRH-R with either @, or ¢,. &), potentiated the response 0 TRH (by 61£16%), while a, inhibited the respense (by 37£9%).

The changes in ampliludes were accompanied by inverse changes in response latencies, These data show that ), and &, dilferentially modulate
signal transduction in Xcrivpus oosyles.

G-profein; TRH receptor; Xenopus oocyle

1. INTRODUCTION

Receptors that belong to the seven transmembrane-
spanning segment family couple to heterotrimevic gua-
nine nucleotide-binding regulatory (GQ) proteins [1]. It
has been suggested that G-proteins of the G./G; class,
which are sensitive to pertussis toxin (PTX), are in-
volved in responses that are transduced by activation of
a phospholipase C that hydrolyzes phosphatidylinositol
4,5- bisphosphate [2-7]. In many cell types, however,
the resulting responses are not affected by PTX [8-11].
Henee, G-proteins that lack the PTX-modified ADP-
ribosylation site seem to be logical cancidates for this
regulatory function for some receptors.

Recently, several laborateries have demonstrated
that two members of a new sub-family of G-protein &
subunits, a); and a, [12] can activate phospholipase C
[13-17]. These experiments were performed either by in
vitro reconstitution or by transfection into mammalian
cells. In these studies, no differences in function were
found for @), and a,. Xenopus oocytes are an excellent
model system for mechanistic studies of signal transduc-
tion pathways and have been used to study G-protein
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coupling [3,18]. Here we use Xenopus cocytes to study
the coupling of a,, and &, to the TRH-R. Qur results
show that &, and &, differentially modulate the TRH-R
response in Xenopus oocyles.

2. MATERIALS AND METHODS

The elecirophysiological metheds and the response to TRH in
oocytes injected with RMA coding for the TRH-R have been described
in detail previously [19-21].

In the present series of experiments, we have co-injected in vitro
transeribed RNAs encoding the cloned TRH-R [21] and either the a,,
or the &, G-protein subunits[12]. The responses to THR were assayed
12-96 h after the injection. Amplitudes and Iatencies of the responses
were determined. All resulls are expressed as mean + 5.E.M. % of
control responses assayed in oocyles of the same donor and injecied
with identical amount of TRH-R RNA alone. The number of oocyles
assayed was denoted by nand the number of different experiments by
N. Different experiments were mosily performed on coeytes from
different donors.

The cloned &, and e, were a generous gilt of Dr. Melvin Simon.
TRH and collagenase (type [A) were purchased from Sigma. All other
chemicals were of analytical grade,

3. RESULTS

3.1. The experimental paradigm

TRH-Rs are expressed in Xeropus aocytes following
injection of cloned TRH-R RNA [20]. The activation of
TRH-R is manifested by a depolarizing current result-
ing from calcium-induced opening of chloride channels
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subsequent to phospholipase C-mediated hydrolysis of
phesphatidylinositol 4,3-bisphosphate [19]. This cur-
rent can be characterized by its maximal amplitudz and
the time between the addition of TRH and the onset of
the response (latency). Responses can be observed
within 12 h of the injection of TRH-R RNA and opti-
mal responses can be observed within 24-48 h at 1-10
ng TRH-R RNA injected/oocyte. These observations
indicate that exogenous TRH-R couples effectively to
an unkrown native G-protein(s) in oocytes.

To determine whether there are differences in cou-
pling of a;, and e, we co-expressed these two mammal-
ian G-protein & subunits with the TRH-R., We have
moniiored the efficiency of coupling by comparing the
amplitude and latency of the response to those observed
in oocytes injected with TRH-R RNA alone.
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Fig. i.The effect of &), on amplitude and lalency of the TRH response.
The bars represent the mean amplitude=8.E. (panel A) or latency
(panel B) in oocyies injected with 10 ng/cell of TRH-R RNA and the
indicated amount of &, RNA. The cross-hatehed bar represents the
resulis obtained in oocytes injecied with 1 ng TRH-R RNA. Re-
sponses to | #M TRH were measured. All resuits were normalized as
% of maiched contrels, Control response amplitudes and latencies
ranged from 296296 to 659421172 nA and 1.3£0.2 1o 16.7£2.0 s,
respectively, The numbers above the bars dencle the number of
trealed oocytes assayed and the number of experiments performed
{N).
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3.2, The effect of &, co-expression

Co-expression of &, and TRH-R resulted in a signif-
icant potentiation of the response without affecting its
pattern. In a paired comparison in 12 experiments of
oocytes from 9 different donors injected with 10 ng
TRH-R RNA and | ng a;, RNA, the amplitude of the
response increased to 1591 18% (£<0.01). This increase
was dependent on the amount of ¢,;, RNA co-injected.
Thus, in oocytes co-injected with 0.1 ng &,, RNA, the
amplitude did not increase (83114% of controls, n=3),
while in oocytes co-injected with 5 ng of RNA, the
amplitude was 164£33% of matched controls (n=7,
P<0.1). These results are shown in Fig. 1A,

The increase in amplitude was accompanied by a de-
crease in the latency of the response. In oocytes co-
injected with 1 ng a,, the latency decreased to 80+6%
of control values (n=12, P<0.005). In oocytes co-in-
jected with 0.1 ng RNA there was no change in latency
(98£11% of control, N=8), while those co-injected with
5 ng did not exhibit a further decrease in latency (9116%
of control, #=6). These results are shown in Fig. 1B,

The effeet of co-expression of &, was much less when
a lower amount of TRH-R was expressed. In oocytes
injected with | ng each of TRH-R and &, RNAs, the
amplitude of the response increased to 118+5% and the
latency was 94+5% of control values (n=3, see Fig.
1A.B).

We have not observed a clear relationship between
the time after injection of the RNAs and the magnitude

N A
S
= 58,5
z 100 -l-
Z
S 8o 105,5 Si"'
Z I
E &c
[
5 4
Be
Gq RNA 0.1 1.0 5.0
{ng/oocyte)
= 1490
|
2
2 T
E 120+
=3
[
&
e 100 pmm
go
Gg RNA a1 10 S.0
(ng/oocyte)

Fig. 2. The effect of %, on umplitude und latency ol the response. For
experimental conditions see legend o Fig, 1.



Velume 307, number 2

of the effects on either amplitude or latency (not
shown), Hence, it may be assumed that TRH-R and a,
are expressed at approximately the same raie within
12-96 h after the injection.

3.3. The effect of o, co-expression

To further assess the specificity of exogenous G-pro-
teins to TRH-R, we have conducted siinilar experiments
with the closely homologous @ subunit of G,. In con-
trast to a;,, co-expression of g, inhibited the response
to TRH. In oocytes injected with 10 ng of TRH-R RNA
and | ng of &, RNA, the response to TRH was 63£9%
of control (n=9, P<0.025). This property of a; showed
a depgree of dose dependence. Thus, oocytes co-injected
with 0.1 ng &, RNA exhibited 86: 15% of control ampli-
tude (n=5) and those co-injected with 5 ng, 71+5% (n=4,
P<(0.023). The decrease in amplitude was accompanied
by a parallel increase in the latencies of the responses.
The latency was 100+4, 128+10 (£<<0.05) and 122+8%
(P<0.025) of control in oocytes injected with 0.1, 1.0
and 5.0 ng of @, RNA, respectively. These results are
shown in Fig. 2A,B.
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Fig. 3. The effect of the lalencies on control responses on the magni-

lude of the latencies in cocyles expressing «), or .. Mean latencies

of responses in cocytes co-expressing the TRH-R and either @, (panel

A) or a, (punel B), from individual experiments described in Figs. |

and 2, were plotted against the matching control latencies, The broken

line deseribes the theoretical curve that would have been oblained if
@y, or &, had no eflect on latency.
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4, DISCUSSION

¢, and @, are two members of a sub-family of G-
protein o subunits that are not sensitive to PTX and
activate phosphoinositide-specific phosphelipase C. In
transfection studics in mammaiian cells [15] and recon-
stitution experiments in vitro [17], these proteins appear
to be equally effective in interaction with receptors. It
has been shown, however, that heterotrimeric G-pro-
teinscan couple under certain condition to effector mel-
ecules — enzymes, channels, ete. ~—— with which they do
not interact in vivo under usual conditions. For exam-
ple, different muscarinic receptors can exhibit
anomalous coupling to G-proteins upon transfection
and overexpression in mammalian cells [22]. We at-
tempted to determine whether there were any differ-
ences in the interaction of &, and @, with receptors or
effectors, or beth, in intact cells in which the level of the
expression could be readily controlled. We used Xen-
opus ouvcytes for these studies, because we could moni-
tor the kinetics of the response to TRH with excellent
resolution. We previously reported that the increase in
amplitude was inversely related to the latency of the
response [23].

We found there is a difference between the effect of
a;, and &, on the TRH response in Xeropus oocytes. o),
enhanced the response 1o TRH, exhibited as an increase
in response amplitude and shortening of latency,
whereas o, diminished the response. Thus, it appears
that there are differences in the properties of these two
G-protein & subunits.

The mechanism of enhancement by o, and inhibition
by a, of the TRH response are not known. Any hypoth-
esis must take into accouni the productive interaction
between the TRH-R and endogenous G-proteins in
oocytes. Endogenous G-proteins of the G/G, family
have been cloned from cocytes (24,25). It is possible
that because both o subunits [12] and the TRH-R [21]
used in this experiment are murine in origin there is a
greater affinity between the receptor and these ex-
ogenous a subunits than between the mammalian TRH-
R and endogenous amphibian G-proteins. This could
explain the enhancement of the TRH response by «,,,
assuming that recepter-activated a,, effectively stimu-
lates the phospholipase C.

To explain the mechanism of inhibition of the TRH
response by a, we suggest that activated a, does not
activate the phospholipase C as efficiently as en-
dogenous G-proteins. That is, &, competes for binding
for the TRH-R with endogenous G-proteins but is less
effective in eliciting a response. The idea that there is
competition between exogenous and endogenous G-
prolein 2 subunits is supported by our data. In Fig. 3,
we compare the TRH response latencies in oocytes in-
jected with TRH-R RNA alone to those in oocytes in-
jected with TRH-R and a subunit RNAs. We chose io
use lateneies rather than response amplitudes for these
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comparisons because latencies exhibit less variability
and, in our experience, correlate better than amplitudes
with the nunmiber of receplors expressed [26], Lipinsky
and Oron, unpublished). It is apparent that the relative
change in latency due to expression of exogenous @
subunits is related to the duration of latency in malched
control oocytes injected with TRH-R alone. That is, the
effects of @), and &, are most prominent in oocytes in
which the TRH response is smaller, i.e. in responses that
exhibit longer latencies. A possible interpretation of
these data is that in oocytes that possess a large quantity
of endogenous G-proteins, that is those that exhibit the
most robust responses with the shortest latencies, the
exogenous x subunits fail to compete effectively for
binding to the TRH-R and, therefore, do not influence
the response,

In conclusion, we showed that &, and g differen-
tinlly affect the electrophysiological response to TRH in
Xenopus oocytes expressing either of these subunits. We
have not yet delincated the mechanism(s) of these ef-
fects. Nevertheless, our data show that these closely
related members of the &, sub-family can have different
effects under certain circumstances and suggest that
these proteins may not subserve the same function(s) in
mammalian cells. To the best of our knowledge, this is

the first description of functional differences between
&) and O'.q.
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