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Metabotropic responses to acetylcholine and serotonin of Xenopus
oocytes injected with rat brain mRNA are transduced by different
G-protein subtypes
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To assign the GTP-binding protein (G-protein) subtype involved in the signal transduction from exogenous receptors to phospholipase C in the
Xenopus oocyte translation system, antisense DNA complementary to rat G-protein @-subunit mRNA was designed and injected together with
rat brain poly(A)* RNA, Current response of mRNA-injected oocytes to acetylcholin: (ACh) was suppressed dosc-dependently by a co-injection
of G, a-antisense DNA, but response of the same oocytes to serotonin (5-HT) was not ir:hibited. In the cocytes co-inject=d with G a-antisease DNA,
the S-HT response was more effectively suppressed than the ACh response. These resu.ts suggest that G,& but not G;;¢. intermediates brain 5-HT ¢
receptor function, and in contrast, muscarinic receptors derived from rat brain uiilize G;,a rather than G2 to aztivate phospholipase C.

GTP-binding protein; Muscarinic receptor; 5-HT,c receplor; Phospholipase C; Antisense DNA; Xeropus oocyte

1. INTRODUCTION

In voltage-clamped Xenopus oocytes several days
after injection of rat brain poly(A)™ RNA, acetylcholine
(ACh) and serotonin (5-HT) evoke similar current
responses mediated by a common sequential activation

of pertussis toxin-sensitive GTP-binding protein (G- .

protein), phospholipase C, intracellular Ca®* release
oscillation, and calmodulin-dependent Cl- channels [1-
3]. It is proposed that both G, and G, proteins, newly-
synthesized by rat brain mRAN, participate in the first
step of the process, as well as Xenopus native G/G,-like
proteins [4]. Moriarty et al. [5] have shown that G,
participates in the signal transduction from native mus.
carinic receptors to phospholipase C; however, the G-
protein subtype involved in the exogenous receptor-
mediated response still remains unclear, To elucidate
this point using the hyb:id depletion technique, we
designed oligodeoxynucleoiides complementary to the
a-subunit mRNAs for rat G;, and G,, and evaluated the
effects of antisense DNA on ihe mRNA-induced ex-
pression of G-proteins and curren: responses by meta-
botropic agonists. R

2. MATERIALS AND METHODS

2.1, Oligomers
The Ga-antisense DNAS used for hybrid arrest wera 35 nucleotides
long and complementary Lo the downstream regiou just beginning
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from the translation initiator codon ATG of rat G;, [6] and G, [7]
cDNAs. The subtype G;, was chosed since this type is predominantly
expressed in the rat brain [0). Sense DNAs were used as the control.
The nucleotide sequence of synthetic oligomers is as follows:

G;; sense (Gi-S),
§-ATGGGCTGCACACTGAGCGCTGAGGACAAGGCGGCY

G;; antisense (Gi-AS),
5.GCCGCCTYGTCCTCAGCGCTCAGTGTGCAGCCCAT-3

G, sense (Go-S),
§-ATGGGATGTACTCTGAGCGCAGAGGAGAGAGCCGC-3

G, antisense (Go-AS),
§-GCGOCTCTCTCCTCTGCGCTCACGAGTACATCCCAT-3

In the corresponding 35 bases of rat Gy, Gj3, Gis, G, G, [6), Xenopies
G, [8] ard Xenopus G, [9], numbers of mismatch vs. Gi-S are 3, 2, 3,
8, 17, 6 and S bases, respectiveiy; and those vs. Cio-8 are 8,9, 6,0, 23,
6 and 6 bases, respectively.

2.2, Translation in cocytes

Poly(A)* RNA was purified from whole brains of 4-week-old male
Sprague-Dawley rats as described [1,4] The stock RNA solution: was
mixed with various concentrations of syathetic DNA, and the mixiure
containing 16.7 mM NacCl, which is equivalent to the intracellular Na*
concentration in Xenopus oocytes [10), -vas heated to 65°C for 10 min.
After cooling tc room temperature, 'he RNA-DNA solution was
injected at a volume of 75 nl into Xen¢pus oocytes defolliculated with
collagenase treatment, Qocyles were 1 “cubated at 23°C for 2-4 days,

2.3. Quantitation of G-proteins

Fifty cocyles were homogenized at 4°C with 0.5 ml of 250 mM
phosphate buffer, pH 7.5, containing 10 mM dithiothreitol (DTT) and
0.1 mg/m1i bovine scrum albumin, and the homogenate was centrifuged
at 10,000 x 2 for 3 min. The precipitate was washed twice, resuspended
in the homogenization buffer, and incubated at 4°C for 60 min with
1% sodium cholate. The solubilized membranes were incubated at
30°C for 30 min with 10 ug/m] pre-activated perrussis toxin, 2.4 4M
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adenylate-[*P]NAD, 0.4 mM ATP, 0.4 mM GTP, 10 mM thymidinz,
10 mM DTT and 1 mM EDTA in 100 mM TRIS-HCI, pH 8.0,
Aliguots from 30 oocytes were subjected to SDS-polyacrylamide gel
electrophoresis (SDS-PAGE) and the gels were stained with Coomas-
sie blue, dried and exposed to X-ray film at -80°C.

2.4, Electrophysiolagical measurements

Detection of transmembrane current was done by the two-electrode
voltage-clamp method as described [1,4]. Intracellular application of
§’-(3-O-thio)trisphosphate (GTPyS; Boehringer, Mannheim) and in-
ositol-1,4,5-trisphosphate (1P,; Sigma) was made by a pressure injec-
tion [4).

3. RESULTS AND DISCUSSION

In autoradiograms of SDS-PAGE gels loaded with
oocyte membranes, a major 40 kDa and minor 32 kDa
band was identified (Fig. la). Both bands were also
detected previously [4] as well as in [**PJADP-ribo-
sylated rat brain membranes (Fig. la); however, the
origin of the minor signal is not known. Regarding the
40 kDa signal of pertussis toxin substrate as that
derived from G,z and G, both proteins in the oocytes
injected with rat brain mRNA were increased to
159+41% (S.E.M. n=8) of those of non-injected, control
oocytes (Fig. 1b). Co-injection of Gi-AS, Go-AS, or
both with rat brain mRNA dose-dependently decreased
the 40 kDa band intensity to the minimum 26% of non-
injected oocytes at a dose of 12 ng Gi-AS+12ng Go-AS,
indicating that not only translation of rat brain G,& and
G, mRNAs but also expression of oocyte-native G-
proteins were arrested by antisense DNAs. Although
the signals from Gi& and G, were not separated on the
gel, effects of Gi-AS and Go-AS were additive.

Depletion of functional G-protein in the phosphoino-

a
mRNA - + 4+ 4+ 4+ 4
Gi-AS 0 0 3 12 0
Go-AS 0 0 0 0 38 12
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sitide pathway was evaluated by the magnitude of
GTPyS-evoked current responses (Fig. 2) since an injec-
tion of GTPyS (3-50 pmol/oocyte) triggers a slow-onset
CI” current fluctuation by directly activating phospho-
lipase C [2,4]. In the oocytes injected with rat brain
mRNA alone, the maximum deflection of fluctuating
current by 35 pmol GTPyS was incresed to 147+25%
(n=21) of that of non-injected oocytes (Fig. 2b), which
corresponded to the increase in the [**P] incorporation
into 40 kDa pertussis toxin substrate (cf. Fig. 1b). Co-
injection of Gi-AS, Go-AS, or both, dose-dependently
decreased the amplitude of GTPyS response without
changing fluctuating frequency (Fig. 2a). The inhibitory
effects of Gi-AS and Go-AS on the GTPyS-evoked
current response were additive, and the dose-depend-
ency was also parallel to those on the intensity of 40
kDa bands, suggesting that quartity of pertussis toxin-
sensitive Ga is parallel to the amount of celiular signal
transduced from G-proteins to phosphoinositide
breakdown. These results also suggest that both G
and G,a of rat and Xenopus origins are all involved in
the oocyte metabotropic response.

Injection of antisense DNA itself did not affect the
signal transduction from IP, receptor to native CI°
channels. In the oocytes injected with 12 ng Gi-AS+12
ng Go-AS+rat brain mRNA, intracellular injection of
IP; (35 pmoi) guve average currenis oi 365151 nA
(n=T), which is equivalent to those of rat brain mRNA-
injected oocytes (287155 nA, n=7) and non-injected
oocytes (34066 nA, n=17),

The effects of antisense DNAs on the metabotropic
receptor-mediated current responses of brain mRNA-
injected oocytes were first examined at a maximum dose
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Fig. 1. Hybrid depletion of Gz by antisense DNA injected together with rat brain mRNA into Xeropus oocytes. (a) Autoradiogram of an
SDS-PAGE ge! loaded with oocyte membranes [*PJADP-ribosylated in the presence of pertussis toxin. Rat brain mRNA (50 ng) was mized with
the indicated amount (in ng) of antisense DNA and heated to 65°C for 10 min. Injected cocytes were cullured for 3 days and the membranes were
incubated with [**PJINAD and pertussis toxin. A constant amounti of membrane profein was subjecied lo SDS-PAGE and the dried gel was exposed
to Fuji X-ray ‘ilm for 48 h. The lane RBM was loaded with rat brain membranes treated in the same way. (b) Densitometric analysis of *2P-labelled
Ga. The data are from oocytes injected with Gi-AS (C), Go-AS {A) or both (M) together with rat brain mRNA (50 ng). The oplical density of
the 40 kDa band on the X-ray film was scanned by a flatbed densitometer and normalized 1o the value of non-injecled oocyles as 100%. Each point
represents the mean from 8 separate experimenis.
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Fig. 2. Inhibitory effect of Ga-depletion on GTPyS-evoked response
in Xenopus oocytes, GTPyS (35 pmol) was applied by a brief pressure-
pulse into cocytes held at ~60 mV. (a) A difference in the GTPyS-
evoked current between an oocyte injected with 50 ng rat brain mRNA
alone and an oocyte injected with 12 ng Gi-AS, 12 ng Go-AS and rat
brain mRNA. (b) Dose-dependent effect of Gi-AS (O), Go-AS (),
or both (W), injected together with rat brain mRNA (50 ng constant)
on the GTPyS-evoked current. Data are means from 7 experiments
and normalized to the value ol non-injected oocytes.

of 30 ng DNA/oocyte with the control experiment using
sense DNAs (Fig. 3). Average peak amplitudes of ACh
(1 mM) and 5-HT (1 4M) responses in the sense DNA.
injected oocytes were not significantly different from
those of oocytes injected with rat brain mRNA alone
(usually 200-800 nA). In the cocytes injected with Gi-
AS, amplitude of ACh response was 28% of that of
Gi-S-injected oocytes. In contrast, the amplitude of 5-
HT response was not different between the groups of
Gi-S and Gi-AS. In oocyies injected with Go-AS, both
ACh and 5-HT responses were decreased to 53% and
43%, respectively, of Go-S-injected cocytes. These
effects were not caused by a decrease in the receptor
affinity because no shift in the dose-response curves of
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Fig. 3. Effects of Ga sense (Gi-S and Go-8S) and antisense (Gi-AS and
Go-AS) DNAs on cocyte responses evoked by metabotropic receptor
stimulation. Sense or antisense DNA (30 ng) was mixed with rat brain
mRNA (50 ng) and injected. Currert responses to ACh (1 mM) and
5-HT (1 uM) were recorded at —~60 mV. Several typical traces are
shown in panel a. In b, bars are means + S.E.M, of 6 experiments.

March 1992
s Gi Go Gi & Go
E 150-] k
1 A~
g 100 4
£
§
2
s: 0 T T T

0153 61224
Antisense DNA (ng/oocyte)
Fig. 4, Dose-dependent effects of Gi-AS and Go-AS on ACh and
5-HT responses expressed in Xenopus oocytes by rat brain mRNA,
Indicated amount of antisens¢ DNAs were mixed with 30 ng rat brain
mRNA and injected. Current responses to ACh (I mM, O)and 5-HT
(1 uM, @) were recorded at =60 mV and the magnitude in 5-11
oocyles were averaged and normalized 1o that of oocytes injecied with

rat brain mRNA alone.
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receptor agonists were found in these oocytes (data not
shown).

In a dose-response analysis (Fig. 4), 5-HT response
was not affected by Gi-AS in a range of 1,5-24 ng;
however, the response was markedly decreased by as
little as 1.5 ng Go-AS. Since the inhibition curve of
5-HT response by Gi-AS+Go-AS was similar to that of
Go-AS, it is concluded that signals from 5-HT,c re-
ceptors mediating 5-HT-evoked metabotropic response
[11] are mediated by Go-AS-sensitive G-proteins. On
the other hand, reduction in ACh response was caused
by Gi-AS more apparently than by Go-AS at doses of
1.5 and 3 ng, and their effects were dose-dependent and
additive (Fig. 4). Since non-injected oocytes often
elicited small fluctuations in response to ACh perfusion,
the remaining muscarinic responsiveness of Xenopus
origin may be somewhat contaminated in the ACh
response of brain mRNA-injected cocytes. Although it
was shown that the native muscarinic receptors couple
the phosphoinositide pathway via G,a [5], our results
suggest that rat brain muscarinic receptors of the piren-
zepine-sensitive M, type [1] prefer G;,& rather than G &
to activate phospholipase C.

The present study was based on the structural dif-
ferences found in the coding-start region of various Ga
mRNAs. Since the differences are not so striking we can
not assign the amount of every G-protein variants or
their contribution in transducing metabotropic signals.
However, it is clear that comparable ACh- and 5-HT-
evoked responses of Xenopus oocytes injected with rat
brain mRNA are transduced by different G-protein
subtypes. Recently, applying similar antisense approach
to rat pituitary GH, cells, Kleuss et al. [12] have shown
that voltage-dependent L-type Ca*®* channels are inhi-
bited by muscarinic and somatostatin receptors via
G, and G,,2, respectively. The results are consistent
with our observations that a specific Ga subtype is in-
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volved in the signal linkage from a G-protein-coupled
receptor to a post-G-protein effector.
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