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ABSTRACT

We recently cloned and expressed a novel P2Y receptor (tp2y
receptor) from a turkey cDNA library. Expression of this recep-
tor in 1321N1 human astrocytoma cells confers nucleotide-
dependent stimulation of phospholipase C activity; however, as
we demonstrate here, it also confers nucleotide-dependent
inhibition of adenylyl cyclase. Both the phospholipase C and
adenylyl cyclase responses were promoted by receptor ago-
nists over a similar range of concentrations. Moreover, not only
did UTP and ATP activate the avian receptor but ITP, GTP,
xanthosine 5’-triphosphate, and CTP were also agonists, with
ECs, values ranging between 0.1 and 1 wM. Similar potencies,
rank-order, and selectivity of nucleotide agonists were also
demonstrated for intracellular Ca®* mobilization measured dur-

ing a 30-s stimulation under constant superfusion conditions.
This observation indicates that receptor activation by nucleo-
side 5'-triphosphates is not produced by interconversion of
these nucleotides into ATP or UTP. Pretreatment of cells with
pertussis toxin completely abolished the inhibitory effect of
nucleotide agonists on adenylyl cyclase, whereas the activation
of phospholipase C was only partially inhibited. These results
demonstrate that the avian P2Y receptor is a nucleoside
triphosphate receptor of broad agonist selectivity that interacts
with both pertussis toxin-insensitive and -sensitive G proteins
to activate phospholipase C and to inhibit adenylyl cyclase.
This is the first cloned P2Y receptor that is clearly Gi/adenylyl
cyclase-linked.

Physiological responses to extracellular nucleotides are
mediated through a large group of ionotropic P2X receptors
and metabotropic P2Y receptors (Harden et al., 1995; Fred-
holm et al., 1997). Seven mammalian P2X receptors and five
mammalian P2Y receptors have been cloned to date (Fred-
holm et al., 1997; King et al., 1998), and both pharmacolog-
ical and signaling data suggest the existence of additional
receptors. For example, a receptor(s) exists on platelets and
C6 glioma cells that couples through Gi to inhibit adenylyl
cyclase rather than through Gq to activate phospholipase C
as occurs with the five P2Y receptors that have been cloned to
date (Boyer et al., 1993, 1995; Daniel et al., 1998; Fagura et
al., 1998).

Cellular ATP is released as an extracellular signaling mol-
ecule in many if not all tissues. However, three members of
the P2Y receptor family are activated by uridine nucleotides,
and evidence for release of UTP also is beginning to accumu-
late (Enomoto et al., 1994; Anderson and Parkinson, 1997;
Harden et al., 1997; Lazarowski et al., 1997; Connolly et al.,
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1998; Lazarowski and Harden, 1999). Burnstock and cowork-
ers recently reported that a Xenopus laevis P2Y receptor is
not only activated by ATP and UTP, but also responds to
relatively high concentrations of ITP, CTP, and GTP (Bog-
danov et al., 1997). This observation suggests that nucleo-
tides in addition to ATP and UTP may function as extracel-
lular signaling molecules. For example, cell damage and
other mechanisms may result in release of all intracellular
nucleotides, perhaps in the ratio of their intracellular con-
centrations.

We recently reported the molecular cloning of an avian
P2Y receptor that activates phospholipase C and is regulated
with a general agonist selectivity that closely matches that of
the human P2Y,, receptor (Boyer et al., 1997). Further study
of this receptor has uncovered two novel properties. First, the
avian receptor is potently and essentially nonselectively ac-
tivated by all nucleoside triphosphates. Moreover, pharma-
cological analyses revealed that activation occurs at very low
(nanomolar) concentrations of these nucleotides, suggesting
that this activity has physiological relevance. Second, in ad-
dition to coupling through the Gq pathway to activate phos-
pholipase C, activation of this receptor results in pertussis
toxin-sensitive inhibition of adenylyl cyclase. Thus, this re-

ABBREVIATIONS: XTP, xanthosine 5'-triphosphate; IBMX, 3-isobutyl-1-methylxanthine; Ap4A, diadenosine tetraphosphate; PPADS, pyridoxal-

phosphate-6-azophenyl-2’,4’-disulfonic acid.
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ceptor is the first P2Y receptor to be cloned that is clearly
Gi/adenylyl cyclase-linked. Its apparent equally effective cou-
pling to two different classes of G proteins also distinguishes
it from previously cloned P2Y receptors.

Experimental Procedures

Materials. ATP, UTP, CTP, GTP, dATP, dUTP, dGTP, and dCTP
were obtained from Pharmacia (Piscataway, NJ). ITP, xanthosine
5'-triphosphate (XTP), isoproterenol, 3-isobutyl-1-methylxanthine
(IBMX), potato apyrase, and diadenosine tetraphosphate (AP,A)
were obtained from Sigma Chemical Co. (St. Louis, MO). Pyridoxal-
phosphate-6-azophenyl-2’,4’-disulfonic acid (PPADS) was purchased
from Research Biochemicals International (Natick, MA). Hexokinase
was obtained from Boehringer Mannheim Biochemicals (Indianapo-
lis, IN). Fura-2 acetoxymethyl ester was purchased from Molecular
Probes (Eugene, OR). Pertussis toxin was obtained from List Biolog-
ical Laboratories Inc. (Campbell, CA). The sources of all other re-
agents have been reported previously (Boyer et al., 1996a, 1997).

Cell Culture. 1321N1 Human astrocytoma cells and NIH-3T3
mouse fibroblast cells stably expressing the tp2y receptor were
grown in Dulbecco’s modified Eagle’s medium supplemented with 5%
fetal bovine serum (1321N1 cells) or 10% bovine calf serum (NIH-3T3
cells) and 600 pg/ml G-418. All cells were maintained at 37°C in a
humidified atmosphere of 5% C0O4/95% air.

Intracellular Calcium Measurement. 1321N1 Cells stably ex-
pressing the avian p2y receptor were grown on glass coverslips for
48 h to a cell density of approximately 40% confluence. Intracellular
calcium was measured as described previously by Palmer et al.
(1998). In brief, coverslips containing Fura-2-loaded (5 uM) cells
were mounted on a RC-20 flow-through chamber (36-ul volume;
Warner Instruments Corp., Hamden, CT) and superfused continu-
ously at 1.0 ml/min with Hanks’ balanced saline solution alone or
with the indicated concentration of nucleotide. The flow-through
chamber was secured to the stage of a Nikon inverted fluorescence
microscope. The cells were exposed to alternating excitation wave-
lengths of 340 and 380 nm, and a Cohu high-performance charge-
coupled device camera monitored fluorescence emission at 510 nm.
The 340/380-nm fluorescence emission was determined and con-
verted to intracellular Ca®" concentration using the equation of
Grynkiewicz et al. (1985). Data were recorded and processed using
an InCyt Im2 imaging system (Intracellular Imaging Inc., Cincin-
nati, OH).

Phosphoinositide Hydrolysis Assays. 1321N1 Human astro-
cytoma and NIH-3T3 cells were seeded in 48-well plates and assayed
3 to 4 days after subculture. Twenty-four hours before the assay, the
inositol lipid pool of 1321N1 cells was radiolabeled by incubation in
200 ul of serum-free, inositol-free Dulbecco’s modified Eagle’s me-
dium containing 0.4 wCi of myo-[*Hlinositol. NIH-3T3 cells were
labeled under the same conditions in the presence of 0.5% dialyzed
serum. Before the assay, the cell medium was supplemented with 40
mM HEPES, pH 7.4, and 10 mM LiCl (final concentration) and
placed in a 37°C water bath. Ten minutes after LiCl addition, cells
were challenged with receptor agonists for an additional 10 min.
Incubations were terminated by aspiration of the drug-containing
medium and addition of 450 ul of ice-cold 50 mM formic acid. After
15 min at 4°C, samples were neutralized with 150 ul of 150 mM
NH,OH. [*H]Inositol phosphates were isolated by ion exchange chro-
matography on Dowex AG 1-X8 columns as described previously
(Boyer et al., 1996a).

cAMP Accumulation Assays. Human astrocytoma cells were
seeded in 48-well plates and assayed 3 to 4 days after subculture.
The intracellular ATP pool was labeled by incubation with 1 uCi/ml
[*H]adenine for 2 h. Before the assay, cells were supplemented with
40 mM HEPES, pH 7.4, and 200 uM IBMX (final concentrations in
the assay) and placed in a 37°C water bath. Ten minutes after IBMX
addition, cells were stimulated with the simultaneous addition of 10

uM isoproterenol and various concentrations of nucleotide agonists.
The reactions were stopped after 10 min by aspiration of the drug-
containing medium and the addition of 1 ml of ice-cold 5% trichloro-
acetic acid. [*H]cAMP accumulation was determined by Dowex and
alumina chromatography as described previously (Harden et al.,
1982).

Results

We reported previously that the avian P2Y receptor is
activated by ATP, UTP, and Ap,A (Boyer et al., 1997). We
have extended the pharmacological analysis of this receptor
to include all naturally occurring nucleoside triphosphates
(Fig. 1 and Table 1). Surprisingly, not only did ATP and UTP
potently stimulate inositol phosphate accumulation in
1321N1 human astrocytoma cells expressing the avian recep-
tor (Fig. 1), but ITP, GTP, XTP, and CTP also were very
potent agonists. The 2’-deoxy nucleoside triphosphates
dATP, dUTP, dGTP, and dCTP were also full agonists at the
tp2y receptor with lower affinities than the corresponding
oxy-nucleotides (Table 1). ITP, GTP, XTP, and CTP also
exhibited potencies similar to those of ATP and UTP in
NIH-3T3 fibroblasts stably expressing the avian receptor
(data not shown), indicating that the observed response to all
nucleoside triphosphates is not a cell-specific phenomenon.
In contrast to the potent agonist activity of naturally occur-
ring nucleoside triphosphates, y-thiol derivatives of ATP and
GTP were weak agonists (data not shown). As we reported
previously (Boyer et al., 1997), nucleoside diphosphates also
were weak agonists at the avian receptor.

1321N1 Human astrocytoma cells express ectoenzymes
that both interconvert and hydrolyze nucleotides, which can
lead to misleading conclusions about the apparent agonist
selectivity of expressed recombinant P2Y receptors (Laz-
arowski et al., 1997). Thus, one interpretation of the agonist
activity of ITP, GTP, XTP, and CTP is that they either are
converted to ATP or UTP or promote receptor stimulation by
preventing the hydrolysis of accumulated ATP and/or UTP
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Fig. 1. Effect of nucleoside 5'-triphosphates on tp2y receptor-induced
activation of phospholipase C. [*H]Inositol-labeled 1321N1 human astro-
cytoma cells stably expressing the tp2y receptor were incubated with the
indicated concentrations of UTP (@), ATP (A), ITP (H), GTP (O), XTP (»),
and CTP (0)) as indicated in Experimental Procedures. The [*H]inositol
phosphate response was normalized to the response obtained with a
maximally effective concentration of UTP in the same experiment (100%).
Data shown are the mean = S.E. of triplicate assays from a representa-
tive experiment repeated at least three times.
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released constitutively or by mechanical stimulation. As
such, potential activation of the avian P2Y receptor by a
mechanism not related to direct agonist activity of these
nucleotides was addressed by the study of Ca®" transients
measured using Fura-2 imaging in monolayers of cells con-
tinuously superfused with medium. We have shown previ-
ously that this superfusion-based assay system circumvents
the potential problems associated with either accumulation
of released nucleotide or nucleotide metabolism (Palmer et
al., 1998). As illustrated in Fig. 2, ITP, GTP, XTP, and CTP
were potent agonists for mobilization of Ca®" in avian P2Y
receptor-expressing 1321N1 cells superfused with medium.
Indeed, ATP and ITP exhibited very similar EC;, values
irrespective of whether determined by accumulation of ino-
sitol phosphates or by Ca®?" mobilization (Fig. 3). We con-
clude that the effects of ITP, GTP, XTP, and CTP are entirely
explained by direct agonist activity of these molecules at the
avian P2Y receptor.

The emphasis thus far has been on the phospholipase
C-activating properties of the avian receptor, and its unique
agonist selectivity for promotion of inositol lipid hydrolysis
and mobilization of intracellular Ca®* distinguishes it from
other previously cloned P2Y receptors. We have previously
stably expressed the human P2Y,, P2Y,, P2Y,, and P2Y4
receptors in 1321N1 cells. Although activation of all four of
these receptors markedly elevates intracellular inositol phos-
phates and Ca®" levels, no effect of the cognate agonists of
these receptors on cAMP levels was observed. However, ex-
pression of the Gi/adenylyl cyclase-linked M2 muscarinic re-
ceptor in 1321N1 cells conferred capacity to respond to car-
bachol with a decrease in intracellular cAMP levels
(Schachter et al., 1997), confirming our earlier conclusions
that these cells express the component proteins necessary to
observe Gi-promoted inhibition of adenylyl cyclase. Communi
et al. (1997) have recently cloned the human P2Y,, receptor
and reported that it activates both phospholipase C and
adenylyl cyclase. We have confirmed their results after sta-
bly expressing the P2Y,; receptor in 1321N1 cells, although
the concentrations of agonist sufficient to elicit the inositol
phosphate response were approximately 30-fold lower than
that necessary to stimulate adenylyl cyclase (Kennedy et al.,

TABLE 1
Agonist selectivity of the tp2y receptor

Inhibition of
Adenylyl Cyclase

Activation of
Phospholipase C

ECj,, nM
Agonists
UTP 81 +19 13 +7
ITP 41+6 25 + 15
ATP 101 = 20 15+ 4
GTP 248 + 70 17+6
XTP 253 = 70 172 + 81
CTP 598 + 215 182 = 34
Ap,A 1,310 + 560 63 * 26
ADP 71,820 = 24,410 8,500 = 3,400
UDP 142,000 + 46,000 127,276 + 115,901
dUTP 573 = 247 253 = 111
dATP 502 + 24 289 + 104
dGTP 13,160 * 9,073 67 = 22
dCTP 6,140 = 2,350 77 =24
Antagonists
A3P5P NE NE
PPADS NE NE
Suramin NE NE

NE, no effect at 100 uM; A3P5P, adenosine 3',5'-bisphosphate.

Wang etal. 807

1999b). Thus, 1321N1 cells express an adenylyl cyclase that
is responsive to both inhibitory and activating G protein-
coupled receptors. The capacity of the avian receptor to
inhibit or augment intracellular cAMP levels was also exam-
ined in 1321N1 cells expressing the tp2y receptor. Surpris-
ingly, we observed that ATP caused a marked decrease in
isoproterenol-stimulated (Fig. 4) or forskolin-stimulated
(data not shown) cAMP levels. In light of the ATP-promoted
inhibition of cAMP accumulation in avian P2Y receptor-ex-
pressing cells, a series of concentration effect curves were
carried out with other nucleoside triphosphates and diphos-
phates. As was shown for the inositol phosphate response
(Fig. 1 and Table 1), all nucleotides were potent agonists for
promotion of decreases in cAMP levels (Fig. 4). Indeed, the
EC;, values for most of the agonists tested were 1.5- to
20-fold lower than the corresponding EC;, values deter-
mined in assays of inositol phosphate accumulation (Table 1).
Although most of the studies of the cAMP response were
carried out in 1321N1 cells stably expressing the avian P2Y
receptor, similar results were obtained in NIH-3T3 fibro-
blasts expressing this receptor (data not shown). Thus, the
capacity of the avian receptor to inhibit adenylyl cyclase is
not a cell-specific phenomenon.

The inhibition of adenylyl cyclase apparently occurs
through a member of the Gi family of G proteins, because
pretreatment of cells with a low concentration of pertussis
toxin completely prevented the capacity of ATP (or UTP) to
inhibit cAMP accumulation (Fig. 5A). Pretreatment of cells
with pertussis toxin also partially inhibited the capacity of
UTP (or ATP) to stimulate inositol phosphate accumulation
(Fig. 5B), suggesting that activation of phospholipase C by
the avian receptor may occur through both Gg- and Gi-me-
diated effects. No effect of pertussis toxin-treatment was
observed on the ECy, values of nucleotides for activation of
phospholipase C (Fig. 5B) or on basal and isoproterenol-
stimulated cAMP levels (data not shown).

We also examined the effects of P2 receptor antagonists
adenosine 3'5'-bisphosphate (P2Y; antagonist), PPADS and
suramin (nonselective P2 receptor antagonists) on nucleoti-
de-activated tp2y receptor stimulation of inositol phosphates
and inhibition of cAMP accumulation. As indicated In Table
1, none of these compounds antagonized the activation of
tp2y receptors.

Discussion

The human P2Y receptors include a receptor that is pref-
erentially activated by ADP (P2Y, receptor), a receptor that
is activated by both ATP and UTP (P2Y,, receptor), a receptor
that is selectively activated by UTP (P2Y, receptor), a recep-
tor that is selectively activated by UDP (P2Y, receptor), and
a receptor that is activated selectively by ATP (P2Y,; recep-
tor) (King et al., 1998). In contrast to the adenine and uridine
selectivity of these receptors, we conclude from the data
presented here that an avian P2Y receptor we have recently
cloned (Boyer et al., 1997) is nonselectively activated by all
nucleoside 5'-triphosphates. This receptor also exhibits sig-
naling properties that distinguish it from the other P2Y
receptors that have been cloned to date. That is, activation of
the avian receptor promotes Gi-dependent inhibition of ad-
enylyl cyclase; this activity, which is not observed with any of
the aforementioned mammalian P2Y receptors, exists con-
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comitantly with similarly robust activation of phospholipase
C. Inhibition of adenylyl cyclase through the avian receptor
apparently is not a trivial consequence of its overexpression.
For example, the EC,, values for agonists promoting the
cAMP response were slightly to considerably lower than the
corresponding EC;, values for activating phospholipase C.
Observation of activation of a P2Y receptor by low concen-
trations of all nucleoside triphosphates is both surprising
and unprecedented. Although primary data were not pre-
sented, Bogdanov et al. (1997) reported that CTP, GTP, and
ITP at relatively high concentrations all activated an X.
laevis receptor; the relative potencies of these three mole-
cules relative to ATP and UTP were not presented. This X.
laevis receptor has a very long carboxyl terminus that dis-
tinguishes it from the cloned avian receptor and the five
cloned mammalian receptors (Bogdanov et al., 1997; King et
al., 1998). However, if the carboxyl-terminal domain is ex-
cluded from the comparison, the avian P2Y receptor studied
here is more similar (60% identical) to the amphibian recep-
tor and the human P2Y, receptor (57% identical) than to the
other mammalian P2Y receptors. Although we have demon-
strated that the human P2Y, receptor is specifically acti-

W9 ATP
1 min
— —
=
C 2004
e
p—
+
NN
100-
O,
0- -— -—
300-
XTP
—
=
C 2004
S
]
+
NCU
100-
5:2‘ vwwMWMWVJ NNVMNkJ
0_

UTP

GTP

vated by UTP but not by ATP and other nucleoside triphos-
phates, this agonist selectivity is not strictly shared across
other mammalian species homologues of the P2Y, receptor.
Thus, Webb et al. (1998) and Bogdanov et al. (1998) recently
reported that the rat P2Y, receptor is equipotently activated
by UTP and ATP; Bogdanov et al. (1998) also reported potent
agonist effects of ITP at the rat P2Y, receptor. Our group has
also addressed the agonist selectivity of the rat P2Y, receptor
in experiments using Fura-2 quantification of Ca®" re-
sponses in cells superfused with medium as described above
(see Fig. 2). Although UTP and ATP were the most potent
agonists, activity was observed with essentially all nucleo-
side triphosphates with the general order of potency of
UTP > ATP > Ap,A > ITP > GTP > CTP > XTP (Kennedy
et al.,, 1999a). Thus, the rat P2Y, receptor exhibits much
broader nucleoside triphosphate selectivity than the human
P2Y, receptor and, at least at the level of our preliminary
analyses, may resemble the avian P2Y receptor studied here
in its capacity to be activated by all nucleoside triphosphates.
We cannot conclude from the available information whether
the avian receptor (and perhaps the X. laevis P2Y receptor)
should be considered species homologues of the mammalian

ITP

CTP

Fig. 2. Nucleotide-induced calcium responses of tp2y receptor-expressing 1321N1 human astrocytoma cells. Fura 2-loaded 1321N1 human astrocy-
toma cells stably expressing the tp2y receptor grown to approximately 40% confluence were continuously superfused with Hanks’ buffered saline
solution. After an equilibration period of 30 min, the superfusion solution was supplemented with 1 uM (final concentration) of the indicated
nucleotides for 30 s. Traces shown are from a single cell in a field of approximately 10 cells, all of which responded to the nucleotide. Similar results

were obtained in three identical experiments using different coverslips.
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P2Y, receptors. However, assuming that the X. laevis recep-
tor in further studies turns out to be potently activated by all
nucleoside triphosphates and our preliminary studies of the
rat receptor are confirmed, these three receptors indeed ex-
hibit strong similarity based on both their 55 to 60% se-
quence identity and their similar agonist selectivities. Our
studies to date screening various mammalian ¢cDNA libraries
with probes made from the avian P2Y receptor have identi-
fied no molecular species more homologous to the avian re-
ceptor than a P2Y, receptor. Thus, the remarkable difference
in agonist selectivity of the human P2Y, receptor from the
selectivity of other species homologs of this receptor may turn
out to be even greater than that already noted by Webb et al.
(1998) and Bogdanov et al. (1998).

The observation that cell surface receptors exist that are

-10 -9 8 7 6 5
log [nucleotide], M

Fig. 3. Concentration dependence of nucleotide-promoted Ca®* mobiliza-
tion in tp2y receptor expressing 1321N1 cells. Single coverslips were
exposed to one concentration of ATP (O) or ITP (@) in Hanks’ buffered
saline solution for 30 s. Data points correspond to the average + S.E. of
the peak intracellular Ca®>* concentrations recorded from 15 to 20 cells.
Each nucleotide concentration was tested in at least two different cover-
slips.
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Fig. 4. Inhibition of cAMP accumulation by nucleoside 5'-triphosphates
in tp2y receptor-expressing 1321N1 human astrocytoma cells. The capac-
ity of the indicated concentrations of UTP (@), ATP (A), ITP (W), GTP (O),
XTP (A), and CTP (OJ) to inhibit isoproterenol-stimulated cAMP accumu-
lation was determined as described in Experimental Procedures. The
maximal isoproterenol response (100%) was 15,789 * 234 cpm. Data
shown are the mean * S.E. of triplicate assays from a representative
experiment repeated at least three times.

Wang etal. 809

activated by all nucleoside triphosphates suggests that mol-
ecules other than ATP or UTP may serve extracellular sig-
naling roles through P2Y receptors. Recent studies indicate
that mechanical stimulation of cells results in the release of
pharmacologically relevant concentrations of UTP (Laz-
arowski et al., 1997). Comparison of extracellular UTP to
ATP concentrations across approximately 10 different cell
types indicated that the ratio of these nucleotides is rela-
tively similar irrespective of the cell type studied (Laz-
arowski and Harden, 1999). One potential explanation of this
result is that UTP and ATP are released by a mechanism
that accesses an intracellular pool of UTP and ATP at their
intracellular concentrations. If this is the case, it is similarly
possible that this mechanism simply releases all nucleoside
triphosphates in the ratio of their intracellular concentra-
tions. Thus, it will be important to quantify the extracellular
concentrations of nucleotides in addition to ATP and UTP.
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Fig. 5. Effect of pertussis toxin treatment on nucleotide-induced inhibi-
tion of adenylyl cyclase and activation of phospholipase C in 1321N1
human astrocytoma cells expressing the tp2y receptor. Cells were incu-
bated overnight in the absence (@) or in the presence (O) of pertussis toxin
(30 ng/ml). A, capacity of the indicated concentrations of ATP to inhibit
isoproterenol-stimulated cAMP accumulation was determined as indi-
cated in Experimental Procedures. The data are the mean * S.E. of
triplicate determinations and the results are representative of those
obtained in three separate experiments. B, [’H]inositol-labeled cells were
incubated overnight in the absence (@) or in the presence (O) of pertussis
toxin (30 ng/ml). The capacity of the indicated concentrations of UTP to
stimulate the hydrolysis of inositol lipids was determined as indicated in
Experimental Procedures. The data shown are the mean = S.E. of tripli-
cate assays from an experiment repeated at least three times.
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The receptor for ADP on platelets was the first P2Y recep-
tor to be studied biochemically and one of the first to be
associated with a physiological response to extracellular nu-
cleotides (Gaarder et al., 1961). This receptor also was one of
the first receptors to be shown to negatively couple to adeny-
lyl cyclase (Cooper and Rodbell, 1979; Mellwig and Jakobs,
1980). We have studied extensively a P2Y receptor on C6 rat
glioma cells that negatively couples to adenylyl cyclase with-
out interacting with Gg/regulated phospholipase C (Boyer et
al., 1993, 1994, 1995, 1996b; Schachter et al., 1997). Al-
though the pharmacological selectivity for agonists of the
Gi-linked receptor of platelets (Hourani and Cusack, 1991)
and C6 glioma cells resembles that of the P2Y,; receptor,
potent antagonists of the P2Y; receptor do not antagonize the
Gi-linked P2Y receptor in either preparation (Daniel et al.,
1998; Fagura et al., 1998). Whether a single or multiple P2Y
receptors exist with adenylyl cyclase-inhibiting properties is
yet to be determined. Because this receptor(s) has not been
cloned, its molecular relationship to the previously cloned
Gg/phospholipase C-coupled P2Y receptors remains to be
established.

The demonstration that the avian P2Y receptor studied
here is well coupled to adenylyl cyclase is notable in light of
the absence of molecular information on Gi-linked P2Y re-
ceptors. Thus, we observed that a receptor with sequence
identity to the P2Y, receptor of almost 60% effected a signal-
ing response heretofore not recognized in a cloned P2Y re-
ceptor. Studies with a broad group of G protein-coupled re-
ceptors indicate that it is the third cytoplasmic loop that is
usually, but not exclusively, involved in G protein coupling.
The sequence of the third cytoplasmic loop of the avian P2Y
receptor does not remarkably distinguish it from the P2Y, or
other P2Y receptors. However, chimeric and/or mutated con-
structs may help define the minimum sequence in the avian
receptor that, for example, confers efficient coupling of the
P2Y, receptor to Gi and adenylyl cyclase, or that resolves Gi
from Gq coupling in the avian receptor.
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