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Ins(1,4,5)P, formation and fluctuating chloride current response induced
by external ATP in Xenopus oocytes injected with embryonic guinea pig
brain mRNA
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In voltage-clamped Xenopus oocytes injected with embryonic guinea pig mRNA, effective concentrations of extraceliular ATP elicited an inward

fluctuating current. This current, carried by Cl-ions, was mainly dependent upon liberation of Ca?* ions from stores as demonstrated by experiments

using intracellular EGTA loading and TMB-8 superfusion. Neomycin inhibited these fluctuating currents indicating that the transplanted purino-

ceptor is linked to phospholipase C activity and triggers Ins(1,4,5)P, formation. Ins(1,4,5)P, production evoked by external ATP was clearly demon-

strated by directly measuring the water-soluble Ins(1,4,5)P; level in injected oocytes. Finally, it is suggested that the ATP effect was mediated by

a Ca?" release from Ins(1,4,5)P, sensitive pools since heparin blocked the ATP responsiveness. The acquired purinoceptor may be made apparent
to a P, subtype since ATP and ADP were equipotent in eliciting C1™ current while AMP and Adenosine were ineffective in injected oocytes.

Xenopus oocyte; Guinea pig brain mRNA; Ins(1,4,5)P,; Internal Ca?* pool; Extracellular ATP; P, purinoceptor
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1. INTRODUCTION

The close association between neuronal activation
and ATP secretion indicates that extracellular ATP can
act as a cotransmitter [1] and exert a feedback modula-
tion of the transmitter release in central and peripheral
nervous systems. Thus, it was previously stated that af-
ferent fibres may utilize ATP to excite neurons in the
sensory regions of the brain, as well as in the spinal cord
[2-4]. Furthermore, other findings have pointed out a
release of ATP from cholinergic nerve endings in the
central nervous system [S]. P, purinergic receptors,
reported to be sensitive to ATP and ADP [6], exhibit a
wide variety of  transduction mechanisms
(Ins(1,4,5)P;-induced Ca®>* mobilization, Ca®* influx
through receptor-operated channel). These mechanisms
are not yet clearly defined but both contribute to in-
creasing the free intracellular Ca’* level. The complexi-
ty and diversity of these transduction processes led us to
use the Xenopus oocyte translation system to express P;
purinoceptor from embryonic guinea pig mRNA.
Xenopus oocyte is a useful tool in the dissection of
synaptic communication processes since it faithfully
synthesises and assembles a variety of biologically ac-
tive neurotransmitter receptors after injection of ex-
ogenous mRNA [7]. With this system, a range of studies
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on receptor function is accessible when the receptors are
active in controlled situations. In many cases, the
agonist-induced responses were detected as changes in
chloride conductance as a result of the activation of en-
dogenous Ca’*-dependent Cl-channels in the oocyte
plasma membrane [8]. In the present study, a descrip-
tion of an acquired P2 purinoceptor activity is presented
and evidence is provided for the participation of
phosphoinositide breakdown and an Ins(1,4,5)P;-
induced Ca®*-release from intraoocyte stores to the
purinergic response.

2. MATERIALS AND METHODS

Total RNA was extracted from embryonic guinea pig brain follow-
ing the Chirgwin procedure [9] and poly(A)* mRNA was selected
with two runs of oligo(dT) cellulose chromatography. Oocytes were
dissected away from tricaine methane sulphonate (MS 222)-
anesthetized adult Xenopus laevis and prepared as reported elsewhere
[10]). Stage VI oocytes were pressure-injected with 50 ng of mRNA
and incubated in a modified Barth solution (MBS) supplemented with
50 ug/ml gentamycin for 3-6 days. Uninjected oocytes served as con-
trol.

Electrophysiological measurements were performed using the two-
electrode voltage-clamp technique and membrane currents were
monitored on a flat-bed single-pen chart recorder. In all experiments,
the holding voltage was set to —70 mV and oocytes were routinely
tested in the conventional bathing medium ND96 (in mM: NaCl 96;
MgCl, 2; CaCl; 1.8; Hepes S, pH 7.4 with NaOH) unless otherwise
stated. Drugs were applied either externally by addition to the super-
fusate or internally by pressure injection using an additional
micropipette (3-8 um in diameter). The injected volume was
0.5-0.8% of the cell volume and all injection solutions were made up
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in 10 mM Hepes-KOH (pH 7). Experiments were conducted using bat-
ches of oocytes derived from three different donors.

To determine Ins(1,4,5)P; level, 40-50 injected oocytes were in-
cubated for 24 h at 22°C with MBS supplemented with 10 uCi/ml of
myo-[2-*Hlinositol. After extensive washing, cells were preincubated
for 20 min with 10 mM LiCl in MBS medium and stimulated for 2 min
with 300 uM ATP or 10 uM ACh. RNA-injected oocytes with no
agonist stimulation served as control. The reaction was stopped by the
addition of perchloric acid to 0.5 M and immediate homogeneisation.
Subsequently, cell extracts were neutralized with 1.5 M KOH in 75
mM Hepes and applied to Dowex AG 1 X 8 columns (formate form).
A stepwise elution was performed using 0.1 M formic acid and in-
creasing concentrations of ammonium formate [11]. The radioactivity
of the fraction eluted between 0.4 and 1 M ammonium formate con-
taining Ins(1,4,5)P; was counted in a liquid scintillation counter.

3. RESULTS AND DISCUSSION

At the holding voltage of —70 mV, the external ap-
plication of an effective concentration of ATP (300 uM)
in guinea pig brain RNA-injected oocytes induced an
oscillatory inward current accompanied by an increase
in membrane conductance (Fig. 1A: left panel). After a
latency period of 28 + 7 s (n = 8), this response peaked

A injected Control
ATP ATP
S ————
£
HI
2 min
ATP ATP

b3

i

" min

+ Ca2+ 0 Ca2+

ATP

A EI_

EGTA 1 min

Fig. 1. ATP effects on membrane currents and Ca’* dependence of
the ATP response. (A) ATP-induced membrane currents compared in
injected and control oocytes. (B) Dependence of ATP response upon
external Ca?* concentration: Ca®* 1.8 mM (left panel); Ca®* 0.1
mM EGTA (right panel). (C) Dependence of ATP response upon in-
ternal Ca?* activity. Inhibition of ATP-evoked Cl-current by in-
traoocyte injection of EGTA (final concentration = 0.1 mM). 300 uM
ATP superfusion are indicated by horizontal bars.
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between 2 and 4 min after ATP application and decreas-
ed over the next 4-8 min. This current presented a rever-
sal potential of —25 + 4 mM (n = 5) and was com-
pletely inhibited by 9-anthracene carboxilic acid (9AC;
final concentration = 2.5 mM; n = 35; data not il-
lustrated), a blocker of chloride conductance [7]. These
results demonstrate that these oscillations were
generated by an inward chloride current. Native oocytes
failed to respond to extracellular ATP even when per-
fused with concentrations up to 300 uM (Fig. 1A: right
panel; n = 10). Intracellular injection of ATP did not
cause any change in the current recording of injected
oocytes. In view of these observations, it may be ad-
vanced that ATP effects, following mRNA injection,
are due to newly expressed purinoceptors in oocyte
membrane. To our knowledge, the ATP response we
describe is the first demonstration of an expression of
purinoceptors in Xenopus oocytes after injection of
mRNA from mammalian brain. As depicted in Fig. 1B,
the fluctuating current is not dependent upon ex-
tracellular Ca®* since no significant modification either
of the wave form or of the amplitude of this current
could be recorded in a Ca’*-free medium (Ca®* 0,
EGTA 1 mM) in the presence of 300 uM ATP (right
panel; n = 4). By contrast, intracellular injection of
EGTA (final concentration = 0.1 mM) markedly at-
tenuated the ATP response (Fig. 1C; n = 8), suggesting
that the ATP-sensitive chloride current was mainly con-
nected to intracellular CA?* variations probably
resulting of release from an intracellular Ca?* pool.
With the purpose of providing evidence for the in-
volvement of intracellular Ca®* stores in the ATP
response, oocytes were challenged using
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Fig. 2. Role of Ca®* release from intracellular stores and mediation

of ATP effects by phospholipase C. (A) Reversible inhibition by

TMB-8 (external concentration of 100 uM) of the ATP-induced Cl-

current. (B) Effect of intra-oocyte injection of 400 pmol neomycin on

a Ca®*-activated Cl~ current evoked during ATP superfusion.

Oocytes were superfused with 300 uM ATP; TMB-8 superfusion is
indicated by the empty horizontal bar.
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3,4,5-trimethoxybenzoic acid 8-(diethylamino)octyl
ester hydrochioride (TMB-8), a putative inhibitor of
Ca’* release from intracellular stores [12]. As shown in
Fig. 2A, external application of this compound (final
concentration = 100 uM) reversibly inhibited the ATP
response {n = 5). One of the metabolic transduction
pathways which could account for the purinergic
response in injected oocytes is phosphoinositide
breakdown induced by phospholipase C. Previous in-
tracellular loading of oocytes with neomycin (400 pmol;
Fig. 2B), an inhibitor of the enzymatic degradation of
PIP, and PIP [13], strongly reduced the purinergic
response (n = 5). These experiments suggest that
phospholipase C activation, leading to Ins{1,4,5)P; syn-
thesis, underlies the ATP-induced oscillatory chloride
current. Ins(1,4,5)P; production following purinocep-
tor activation was investigated by measuring the level of
this water-soluble product in cells prelabelled with the
precursor myo-[2-’Hlinositol. As shown in Fig. 3A, a
significant increase of Ins(1,4,5)Ps could be detected 2
min after bathing oocytes with 300 uM ATP (301 =
45% of control; 3 experiments). This stimulation of
Ins{1,4,5)P; production with ATP was comparable
with the ACh-induced rise of Ins(1,4,5)P; formation in
injected oocytes (391 =+ 52% of control; 3 ex-
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Fig. 3. Mediation of the ATP response by Ins(1,4,5)Ps;. (A)
Accumulation of InsPs in injected oocytes followed for 2 minutes in
the presence of 300 xM ATP or 10 @M ACh. Results are expressed as
the percentage of basal level. (InsP; % of control) means + SE, three
experiments (duplicates); 100% represents the amount of InsP; in the
absence of external ATP. (B) Typical effect of intraoocyte injection
of heparin (final concentration = 80 xM) on Ca** activated
fluctuating current evoked during the ATP superfusion, The oocyte
was superfused with 300 uM ATP.
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periments). The Ins(1,4,5)P; response of this Ca®*
mobilizing neurotransmitter may be considered as a
reference positive control since the muscarinic receptor
transduction pathway has been established in previous
studies as a Ca’* release from Ins(l,4,5)Ps-sensitive
Ca®* stores in defolliculated oocytes injected with
mammalian brain mRNA [14]. Moreover, Ins(1,4,5)Ps
level remained unchanged in native oocytes in the
presence of ATP (300 uM; data not shown; 3 ex-
periments). To release Ca**, Ins(1,4,5)Ps must bind to
receptors that are somehow linked to Ca®* channels
connected with Ins(1,4,5)P;-sensitive pools. Heparin
inhibits both the binding of Ins(1,4,5)Ps to its purified
receptor [15) and the mobilization of Ca2* in numerous
cell systems [16]. Fig 3B shows that intra-oocyte injec-
tion of heparin (final concentration = 80 uM) blocked
the ATP responsiveness (n = 4). Therefore,
Ins(1,4,5)P;-induced Ca?* mobilization did appear to
be involved in the ATP effects. Previous phar-
macological studies (see [17] for review), based on the
rank order of potency of various purinergic agonists,
have led to establishing a classification of purinergic
receptors as either P, (recognizing adenosine and AMP)
or P, (recognizing ADP and ATP). As shown in Fig. 4,
ATP and ADP (final concentration = 300 uM) were
quipotent in eliciting the fluctuating chloride current (n
= 5) while AMP and adenosine (same concentration)
were ineffective in guinea pig brain RNA-injected
oocytes (n = 5). Therefore, the acquired purinoceptor
may be made apparent to a P, receptor according to
Burnstock’s classification.

Ado AMP ADP ATP

Fig. 4. Membrane currents induced by purinergic agonists in oocytes.

Typical chart record of the effects of adenosine (Ado}, AMP, ADP,

ATP. Each compound was superfused at the concentration of 300

M. The oocyte was repeatedly depolarized to 20 mV for 4 s every 20

s to test the membrane conductance variations evoked by the different
purinergic agonists.
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Our results bring several lines of evidence for a
stimulation by ATP of phosphoinositide breakdown
evoked by activation of newly expressed purinoceptors.
They are consistent with previous studies which have
demonstrated that P, receptor occupation increases
phosphatidyl inositol polyphosphate turnover with
subsequent production of Ins(1,4,5)Ps in a wide variety
of cell systems including isolated hepatocytes, Ehrlich
ascite tumor cells and rat ventricular cells [18-20].
Likewise, recent findings demonstrated that ex-
tracellular ATP caused a large increase in inositol
phosphate accumulation in neural cells [21] and thereby
initiate a chain of events, which may play a role in the
induction of long-term adaptative changes (long-term
potentiation; LTP) in synaptic neuronal function. The
biochemical characterization of the P; class receptors is
hardly advanced; no nucleic or immunological probes
are available, thus preventing the use of classical techni-
ques to study purinoceptors. Our results suggest an
alternative way to investigate a functional and struc-
tural characterization of this type of receptor. This ap-
proach would be to use the Xenopus oocyte to clone the
receptor gene, as was previously done with the 5-HT ¢
or the substance K receptors [22,23].
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