
21. S. H .  E. Kaufmann, E. Hug, U. Vath, G. DeLibero, 
Eur.J. Immunol. 17, 237 (1987). 

22. Isoelectric focusing gels contained 4% (vlv) of pH 5 
to 7 and 1% (vlv) ofpH 3 to 10 carrier ampholyte 
[Servalyt (Serva)], 9M urea, and 2% Triton X-100 
(16). After incubation in 2% SDS, 10% glycerin, 
and 60 mM tris (pH 6.8) for 15 min, gels were run 
on a discontinuous SDS-PAGE system with a linear 
gradient of 5 to 20%. Proteins were electroblotted 
onto nitrocellulose, membranes were blocked for 1 
hour (0.05M tris (pH 7.5), 0.5% casein, and 0.5% 
Tween 20), incubated for 12 hours at 4'C with 
MAb IA10, washed in blocking buffer, and incubat- 
ed for 1 hour with alkaline phosphatase-conjugated 
goat antibody to mouse immunoglobulin G (Pro- 
mega, Biotec Madison). Blots were developed with 
98 JLM nitrobluetetrmlium, 92 JLM 5-bromo-4- 
chloro-3-indolyl phosphate in 1M diethanolamine, 
and 0.5 mM MgC12, pH 9.8. 

23. The method used for the generation of q p t i c  
peptides was as follows. The r-65-kD hsp of M, bouis 

was isolated from E. coli M1103 (4) containing the 
111-length gene of 65-kD hsp in the expression 
vector pPLc 236. The soluble constituents of bacte- 
ria were fractionated by ammonium sulfate precipi- 
tation. The precipitate that formed between 20% 
and 55% saturation of ammonium sulfate was 
bound on the anion exchanger Q-Sepharose Fast 
Flow (Pharmacia) in 50 mM tris, pH 8.0, and the 
65-kD hsp was eluted with a linear gradient of 0 to 
0.3M NaCI. For uypsin digestion, the 65-kD hsp 
was treated with 8:M urea, and after dialyzing against 
0.1M ammonium bicarbonate, up to 100 mg of 
protein was cleaved overnight at room temperature 
with 25 U of immobilized uypsin [N-tosyl-L-phe- 
nylalanine chloromethyl ketone-treated, attached to 
beaded agarose, (Sigma)]. Ovalbumin was denatur- 
ated and qpsinized as described (18). 
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Primary Structure of the f3 
Sensitive Calcium Channel 

Subunit of the DHP- 
from Skeletal Muscle 

Complementary DNAs for the P subunit of the dihydropyridine-sensitive calcium 
channel of rabbit skeletal muscle were isolated on the basis of peptide sequences 
derived from the purified protein. The deduced primary structure is without homology 
to other known protein sequences and is consistent with the p subunit being a 
peripheral membrane protein associated with the cytoplasmic aspect of the sarcolem- 
ma. The protein contains sites that might be expected to be preferentially phosphory- 
lated by protein kinase C and guanosine 3',5'-monophosphate-dependent protein 
kinase. A messenger RNA for this protein appears to be expressed in brain. 

T HE DIHYDROPYRIDINE (DHP)-SEN- 
sitive Ca2+ channel seems to play an 
important role in excitation-contrac- 

tion coupling, and when purified from rab- 
bit skeletal muscle, it contains three main 
subunits with molecular masses of 165,000 
(al), 55,000 (P), and 32,000 daltons (y) 
(1-9). Both the a1 and the P subunits are 
substrates for protein kinases in vitro, and 
phosphorylation of these subunits may serve 
to regulate the in vivo function of the ca2+ 
channel (1-5). A &sulfide-linked dimer of 
130,000- (a2) and 28,000-dalton ( 6 )  poly- 
peptides has been observed in preparations 
of the channel either in variable (6) or 
constant (7) amounts with respect to the 
other subunits. The subunits have been re- 

constituted and form functional Ca2' chan- 
nels that are modulated by phosphorylation 
(10) and by monospecific antibodies for the 
al, p, and y subunits (11). The a1 polypep- 
tide is the principal transmembrane subunit 
of the channel and forms the ion-conducting 
pore (12). This polypeptide binds DHPs, 
phenylalkylamines, and benzothiazepines (1, 
2, 6-9) and is readily phosphorylated in 
vitro at Ser687 by adenosine 3',5'-mono- 
phosphate ( c ~ ~ ~ ) d e p e n d e n t  protein ki- 
nase (4). Microinjection of an expression 
plasmid carrying the al-subunit cDNA re- 
stores a DHP-sensitive Ca2+ current and 
excitation-contraction coupling in dysgenic 
muscle (13). It is not known whether these 
functions require the presence of the other 
channel subunits.   he a2 polypeptide has 
been cloned (14) and is present in dysgenic 
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proteolytic digests of the isolated P subunit 
(16). In one case the purified channel con- 
taining the p subunit was phosphorylated by 
CAMP-dependent protein kinase before sep- 
aration of the subunits. Peptide 1 contained 
32% of the recovered radioactivity (recov- 
ered radioactivity was 74% of the radioac- 
tivity initially present in the P subunit). The 
remaining radioactivity was associated with 
several peptides. Four oligodeoxyribonu- 
cleotides, each containing 14 nucleotides 
(nt), which were complementary to all pos- 
sible cDNA sequences encoding the amino 
acid sequence Asp-Met-Met-Gln-Lys (ex- 
cluding the third nucleotide residue of the 
Lys codon) in peptide 2, were synthesized. 
These oligomers were used as specific prim- 
ers for reverse transcription of the P-subunit 
mRNA. An equimolar mixture of 64 syn- 
thetic 14-nt oligodeoxyribonucleotides, 
which were complementary to all the possi- 
ble cDNA sequences corresponding to the 
amino acid sequence Gly-Tyr-Glu-Val-Thr 
(excluding the third nucleotide residue of 
the Thr codon) in peptide 2, was used to 
probe 2 x lo5 transformants. Two clones, 
pCaCHP1-I and pCaCHPlO-I, which both 
contained the coding region for part of 
peptide 2, were isolated. In addition, clone 
pCaCHP1-I contained the cDNA encoding 
peptides 1, 3, 4, and 7. This clone was used 
as a probe for cloning larger cDNA se- 
quences (Fig. 1A). 

The 1835-nt cDNA sequence obtained 
contains an open reading frame encoding a 
sequence of 524 amino acids (Fig. 1B). The 
calculated molecular mass of 57,868 daltons 
is similar to that estimated by SDS-poly- 
acrylamide gel electrophoresis (55 kD). The 
cDNA contains all sequenced peptides. The 
NH2-terminus of the isolated P subunit was 
blocked and could not be sequenced. We 
selected the first methionine (amino acid 1) 
rather than the second methionine (amino 
acid 7) as the translation initiation site be- 
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cause it is the first in frame ATG triplet that 
appears downstream of the stop codon TGA 
(nucleotides -51 to -49) and because the 
nucleotide sequence surrounding this initia- 
tion codon agrees with the consensus se- 
quence for eukaryotic initiation codons, ex- 
cept for the nucleotide at position -3  where 
a T substitutes for a purine. This substitu- 
tion is frequently linked with a nonfunction- 
al upstream ATG codon (17), and such a 
codon is found at nucleotides -57 to -55. 

An analysis of the amino acid sequence of 
the p subunit for local hydropathicity (Fig. 
1C) reveals the absence of a typical mem- 

brane-spanning region (segments of at least 
19 residues with an average hydropathicity 
index of greater than 1.6) (18). Additional- 
ly, the NH2-terminal sequence does not 
resemble a hydrophobic signal sequence. 
The protein appears to be hydrophilic, al- 
though it contains hydrophobic regions. 
These properties are consistent with bio- 
chemical data suggesting that the P subunit 
does not interact with the cell membrane 
but is tightly associated with an intracellular 
domain of the al subunit (2). As judged by 
the probabilistic method of Garnier et al .  
(19), the p subunit contains four major a- 

A Q L E K A X T K P V A F A V R T N  

V G Y N P S P G D E V P V E G V A I  

T F E P B D F L H I K E K Y N N D W  

W I G R L V K E G C E V G F I P S P  

~ L D s * L R L L Q E Q K L R O S + R  

L S 0 S * S  K  S  G  D N ' S  S  S  S  L  G  D  V V  

T G T ~ R R P T ~ P P A S G N E M T N L  

A F E L E P L D I L E E D E A E L ~ G E  

Q S G S * A X T S V S S V T T P P P H  

G T R I P F F K K T E H V P P Y D V  

V P S * M R P I I L V G P S * L K F Y E  

V T D M M O K A L F D F L K H R F D  

G R I S I T R V T A D I S L A K R S  

V L N N P S K H I I I E R S N T R S  

Fig. 1. (A) Cloning and sequencing 
strategy for the p subunit. The pro- 
tein-coding region is indicated by a 
closed box. The extent of cDNA 
inserts of the individual clones (32) 
used for sequence analysis (33) (in- 
dicated by arrows) are shown by 
thick lines. (6 )  Deduced amino 
acid sequence of the p subunit. 
Cloning procedures, if not stated 
otherwise. were carried out as de- 3 4 3  A  EV Q-I I A scribed (34). The six peptides deter- . I Q  A ,, A 2 A s mined by sequence analysis are un- 

3 7 9  A I I I I S* derlined. Similar stretches of eight 
3 9 7  I amino acids, contained in the long 

a helices, are boxed. Predicted 
415 I A A S* A I ~hos~horvlation sites for  rotei in 

Secondary D - CZ 7 m " C  E D  - O 

s tructure  I I1 . - Ill IV 
L 2- --.. . L L  

kina& C' (*), ~GMP-deiendent 
protein kinase (+), casein b a s e  I1 
(#), and CAMP-dependent protein 
b a s e  (0) are indicated. Site phos- 
phorylated by CAMP-dependent 
protein kinase (9) is identified. Po- 
tential N-glpcosplation sites (.) are 
at amino acid positions 189, 470, 
and 499. (C) Hydropathy profile 
and predicted secondary structure, 
computed according to Kyte and 
Doolittle (18); the window size is 
19 residues, plotted at one-residue 
intervals. The positions of predict- 
ed secondary structures (stretches 
of ten or more amino acids) are 
shown: long a helices (I, 11, 111, 
and IV, solid boxes), short cc helices 
(dotted boxes), and p sheets (open 
boxes). 

helical domains, which have been designated 
I (amino acids 73 to 101), I1 (amino acids 
212 to 237), I11 (amino acids 344 to 371), 
and IV (amino acids 414 to 455) (Fig. 1C). 
The arrangement of hydrophobic residues 
within domains 11, 111, and IV resembles a 
heptad repeat, in which most of the first and 
fourth residues of every seven are hydropho- 
bic (for example, amino acids 418, 422, 
425, 429, 432, 436, 439, 443, 446, 450, 
and 45 3 in domain IV) . Such heptad repeats 
of hydrophobic residues are thought to par- 
ticipate in interactions betsveen cytoskeletal 
proteins (20). By the use of the Dayhoff 
MDM 78 matrix (21), the P subunit shows 
weak relatedness to some isoforms of actin. 
keratin, glial fibrillary acidic protein, myo- 
sin, and tropomyosin with alignment scores 
of 1.6 to 1.9. Each a-helical domain con- 
tains a similar stretch of eight amino acids 
(boxed in Fig. lB), which starts and ends 
with Leu or Ile and is interdis~ersed bv 
negatively charged residues. This arrange- 
ment of acidic residues may function in the 
binding of divalent cations. The P subunit 
specifically binds c a 2 +  with low affinity 
(apparent dissociation constant =1 mM) 
(22) as measured by the method of Hummel 
and Dreyer (23). This low affinity may be 
due to the isolation procedure, which in- 
cludes a denaturation step. No sequence 
similarity was found between the P sibunit 
and the EF-hand of high-affinity ca2+ -bind- 
ing proteins or with calsequestrin (24). 

Several potential phosphorylation sites 
are present-in the p subunit; this finding is 
consistent with in vitro phosphorylation 
studies (1-5). The serine (serIs2) of peptide 
1 was ~hos~horvlated in vitro bv CAMP- 

L L ,  

dependent protein kinase, although the ami- 
no acid sequence around this phosphor- 
vlation site does not contain the basic motif 
Arg-Arg-X-Ser (where X represents any ami- 
no acid) typical of substrates of this enzyme 
(25). Another potential phosphorylation site 
for CAMP-dependent protein kinase is 
Th?05, which is preceded by the sequence 
Arg-Arg-Pro. The time course of phosphate 
incorporation into the p subunit catalyzed 
by CAMP-dependent protein kinase in vitro 
is slow (3 ) ,  and so phosphorylation of these 
residues may not be physiologically relevant. 
The P subunit is also phosphorylated by 
both protein kinase C and guanosine 3',5'- 
m0n6~hos~hate  ( c ~ M ~ ) d e ~ e n d e n t  pro- 
tein kinase, and at least three different tryp- 
tic phosphopeptides have been identified 
(3). Two of these peptides were phosphory- 
lated both by protein kinase C and by 
CAMP-dependent protein kinase (2, 3). 
There are 12 potential phosphorylation sites 
for protein kinase C [(Ser or Thr)-X-(Arg or 
Lys)] (26) in the P subunit (Fig. 1B). Analy- 
sis of the trypsin cleavage sites in the pri- 
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mary structure identifies two potential tryp- 
tic peptides (amino acids 181 to 185 and 
203 to 240) that contain phosphorylation 
sites for both kinases (Fig. 1B). Protein 
kinase C increases the number of CaZ+ 
channels in skeletal muscle and fibroblasts 
(27). There is also evidence that cGMP- 
dependent protein kinase alters Caz+ chan- 
nel function in specific neurons of Helix 
qersa  and cardiac muscle (28). The cGMP- 
dependent protein kinase phosphorylates at 
least one site in the @ subunit that is not 
phosphorylated by protein kinase C (3). 
The @-subunit sequence Arg-~-Ser'~~-Arg is 
a potential phosphorylation site for cGMP- 
dependent protein kinase (25). The presence 
of at least two regions that are rich in proline 
(P), glutamine (E), serine (S), and threo- 
nine (T) (amino acids 67 to 77 and 204 to 
239) within the primary structure may ex- 
plain the sensitivity of the @ subunit to 
proteases (1-3). These PEST regions are 
common to rapidly degraded proteins (29) 
and are often targets of casein kinase 11. 
Ser6', beiig followed by Asp-Ser-Asp, rep- 
resents a potential casein kinase I1 phos- 
phorvlation site (25). Casein kinase I1 phos- 

derived from the coding sequence hybrid- 
ized to two poly(A)+ RNA species of skele- 
tal muscle with estimated sizes of 1900 and 
1600 nt. The size of the large species is 
consistent with the size of the cloned cDNA 
(1835 nt). In addition, a cDNA fragment 
consisting of most of the 5' nonCoding 
sequence hybridized to the large species 
only. The less abundant and smaller mRNA 
may differ in the 5' untranslated sequence as 
a result of alternative mRNA processing. In 
poly(A)+ RNA from brain, a probe derived 
from the coding sequence hybridized to a 
species of 3000 nt. The intensity of this 
signal was similar to that of the 1900-nt 
species in skeletal muscle. No @ subunit- 
specific hybridization was observed with 
poly(A)+ RNA from smooth muscle or 
heart. Thus homologous, but not identical, 
@-subunit mRNAs appear to exist in differ- 
ent tissues. The lack of hybridization signals 
from heart and smooth muscle may be due 
either to the lower concenuati& of @- 
subunit mRNA in these tissues or to the 
presence of @ subunits with considerably 
different nucleotide seauences. A similar tis- 
sue-specific expression was found with the 

berg's Arch. Phmato l .  339 (suppl.), R44 (1989). 
10. V. Flockeni a al., Nature 323, 66 (1986); B. M. 

Curcis and W. A. Catted,  Biochemistry 25, 3077 
(1986); J. A. Talvmheimo et al., Biophys. J .  52,891 
(1987); J. Ma and R. Coronado, ibid. 53, 387 
(1988); L. Hymel a al., Roc. Natl. Acad. Sci. U . S . A .  
85,4290 (1988). 

11. M. E. Morton, J. M. Caffrcy, A. M. Brown, S. C. 
Frochncr, J. Biol. Chem. 263,613 (1988); J .  Vilvcn 
a al., Biophys. J .  53, 556 (1988). 

12. T. Tanabc et al., Nature 328,313 (1987). 
13. T. Tanabc, K. G. Bcam, J. A. Powell, S. Numa, ibid. 

336, 134 (1988). 
14. S. B. Ellis et al., Science 241, 1661 (1988). 
15. C. M. Knudson a al., J. Biol. Chem. 264, 1345 

(1989). 
16. The Ca2+ channel complex (0.86 mg), pwilied from 

rabbit skeletal muscle miuosomes (3), was incubat- 
ed for 2 hours at 3PC with 1 p.M of the cataljdc 
subunit of CAMP-dependent pmtcin kin- 0.1 mM 
[y-32P]adcnosine 5'-mphosphate (5 cpm~fmol), and 
5 mM MgCI2. The phosphorylated p subunit was 
separated from the other subunits by gel filtration 
(6). Fractions containing the p subunit w m  com- 
bined, dialyzed, and dissolved as desuibed (4). 
Endopmtcinase Lys-C was added at a protein to 
Lys-C ratio of 50: 1, and the mixture was incubated 
at 25°C for 17 hours. The digest was loaded dwcdy  
onm a LiChrosorb RP- 18 column quilibrated with 
0.1% aitluoroacetic add. Pcptida were eluted with 
a gradimt of 1% acctonirrilc pa minute at a Bow 
rate of 1 ml/min. Absorbance at 216 nm and 32P 
content of the duted material w w  mcasurcd. From 
OKO different channel preparations a total of eight 
frictions w m  coUcctcd, which then w m  purified 
further on a sccond LiChrosorb RP-18 column with 
a madient of 0.2% acetonitrile ~ c r  minute at a flow & .  

phorylates the p'subunit apparently 2 two m R 6 ~  e n c A g  the al subunit, whereas g e o f  1 d m i n ,  and q u m c c h  (4). Pc~tides 1,5, 
6, and 8 and peptidcs 2,3,4, and 7 wcre from the sites in vitro (3), and it has been proposed the az-subunit mRNA was detected in all and second reswely. The amino add 

that these mi& be constitutive vhosvhorvl- tissues examined (14). scpuenccs were as ~OUOWS: 1. LRQSRLS(~~P)SSK: 
L L d  

ation sites o h e  channel complex. me primary of the @ subunit 2,-GYEVTDMMQK; 3, EGXE?GFIPSP+K; 4 
and 6, PVAFAVRTNVGYNPSXDEVPVEGVA- 

The tissue distribution of the mRNA for lacks significant homology with any protein ~ E P K ;  5, TSLAPI-K; and 7 and 8, -D- 
the 0 subunit was analvzed bv RNA blots of in the Swiss protein and the GenBank nucle- WWIGRLVK. The kxakation of the phosphoser- 

poladenylated [poly(k)+] ~ J A  from sev- otide sequeAce databases. Polypeptides of only the phcnylthiohydantoin peptide was unambi9..us derivative of -use dithio- 
era1 rabbit tissues (30) (Fig. 2). Various similar size as the P subunit appear to be thrcitol-dchvdroalanine. which is formed auantita- 
cDNA fragments derived &om. both the associated with other voltage-asvated ion tiv~ly from bhosphoxrine [H. E. Mw, g. Hof- 

mann-Posorske, C. C. Kuhn, L. M. G. Heilrneycr, noncoding and the coding sequence of the @ channels, such as the Na+ channel (2) and Jr,, in Modem Metho& in Rolcin Chemishy, H. 
subunit were used as probes. The probes various K+ channels (31). However, the TSC~CSC~C, ~ d .  (dc Gruym, Berlin, 1988), VOI. 3, 

Fig. 2. RNA blot 
analysis of rabbit 
RNA with p-subunit 
cDNA probes. Sam- 
ples of poly(A)+ 
RNA (20 pg) From 
skeletal muscle (SM) 
and brain (B) were 
denatured with 1M 
glyoxal and 50% di- 
methyl sulfoxide, 
subjected to electro- 
phoresis in a 1.5% 

Origin- 

primary structures of th& broteins have not 
yet been determined. 

kar~x gel, and 23s- 
transfemd to Bio- 
dyne membranes. 
The hybridization 
probe was the Sac I 18s- 

(nucleotide 695)-M1 
MI (nucleotide '" - 
1608) Fragment la- 
beled by random 
priming. Identical re- 
sults were obtained 
when the Pst I (nu- 
cleotide 5 15)-Ava I1 SM 
(nucleotide 841) and 
Sty I (nucleotides 56 
and 389) fragments 
were used as probes (22). 
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Molecular Characterization of the Human 
P3-Adrenergic Receptor 

Since the classification of P-adrenergic receptors (P-ARs) into PI and P2 subtypes, 
additional P-ARs have been implicated in the control of various metabolic processes by 
catecholamines. A human gene has been isolated that encodes a third P-AR, here 
referred to as the "P3-adrenergic receptor." Exposure of eukaryotic cells transfected 
with this gene to adrenaline or noradrenaline promotes the accumulation of adenosine 
3',S1-monophosphate; only 2 of 11 classical P-AR blockers efficiently inhibited this 
effect, whereas two others behaved as P3-AR agonists. The potency order of P-AR 
agonists for the P3-AR correlates with their rank order for stimulating various 
metabolic processes in tissues where atypical adrenergic sites are thought to exist. In 
particular, novel P-AR agonists having high thermogenic, antiobesity, and antidiabetic 
activities in animal models are among the most potent stimulators of the P3-AR. 

A DRENERGIC RECEPTORS MEDIATE 

the physiological actions of the hor- 
mones adrenaline and noradrena- 

line. Four subtypes of these catecholamine 
receptors, the al-, az-, PI-, and p2-adrener- 
gic receptors (al-, az-, PI-, and P2-AR) have 
been identified on the basis of their pharma- 
cological properties and physiological ef- 
fects. Chemical agents that selectively block 
or stimulate these receptors are used exten- 
sively in clinical medicine. Despite the effica- 
cy of these compounds, they may produce 
side effects, in part because of interaction 
with other homologous receptors. Improve- 
ment of drug selectivity thus necessitates a 
complete characterization of each receptor 
that mediates the physiological actions of 
catecholamines. 

The genes encoding the al-, az-, PI-, and 
P2-AR have been isolated (1-4). They be- 
long to a family of homologous genes that 

encode integral membrane receptors (5, 6), 
which presumably have seven membrane- 
spanning domains and which are coupled to 
regulatory G proteins. Several of the genes 
in this family have been characterized, and 
probes derived from these genes have been 
used to identi+ additional receptor subtypes 
(7, 8). 

Additional subtypes of P-AR have been 
suggested to mediate the sympathetic con- 
trol of various metabolic processes in the 
digestive tract (9, lo), adipose tissue (11- 
13), and skeletal muscle (14, 15). Evidence 
for the existence of such atypical P-AR sites 
includes their low affinity for standard P-AR 
blockers. Recently, P-AR agonists have 
been synthesized (16) that are potent stimu- 
lators of metabolic rate, adipose tissue ther- 
mogenesis, ileum relaxation, and soleus 
muscle glycogen synthesis (10, 11, 14-16), 
but these agonists have minimal effects at PI  
and Pz sites. However, the existence of a p- 
AR different from the currentlv defined BI- . - 

CNRS, Universite Paris VII, and Institut Pasteur, Labo- 
ratory of Molecular Biology of Receptors, 25 rue du Dr. and bAR is ( I  7, ' 
Roux, 75724 Paris Cedex 15, France. We screened a human genomic library 

with the entire coding regions of the genes 
for the turkey PI -  and the human P2-AR 
(18). Among 43 positive clones, two carried 
the gene coding for the human PI-AR and 
another two the gene for the P2-AR. A 
family of 14 homologous clones (19) dis- 
played sequences homologous to both 
probes in a 2.1-kb Bam HI-Bgl I1 fragment. 
From one clone, this fragment was entirely 
sequenced and shown to contain a gene 
coding for a polypeptide of 402 amino acids 
with a predicted size of 42,881 daltons. 

The amino acid sequence of this protein 
(Fig. 1) is 50.7 and 45.5% identical to that 
of the human PI -  and P2-AR, respectively 
(the PI-AR and P2-AR are 48.9% identical). 
The protein shares the structural characteris- 
tics of receptors of the G protein-linked 
family. It has seven clusters of 21 to 27 
mostly hydrophobic amino acids, presumed 
to constitute a-helical membrane-spanning 
domains. These hydrophobic segments form 
the catecholamine binding site of the P-AR 
(20) and are highly conserved between the 
predicted protein and the two P-ARs. In 
particular, Asp79 and AspH3 of the P2-AR, 
which possibly act as counterions for the 
positively charged m i n e  of adrenergic li- 
gands, are present at analogous positions in 
the three proteins. Similarly, other function- 
ally important residues (ZO), such as Cyslo6, 
~ ~ s ~ ~ ~ ,  Asn3I8, and of the P2-AR 
sequence, are conserved. As with other G 
protein-linked receptors, the predicted pro- 
tein has potential Asn-linked glycosylation 
sites in the NH2-terminal region and has Ser 
and Thr residues in its third cytoplasmic 
loop and COOH-terminal region that could 
be substrates for protein kinases, which may 
mediate receptor desensitization. 

To characterize the product of the cloned 
gene, we introduced it into Chinese hamster 
ovary (CHO) cells (21). The transfected 
cells expressed specific and saturable binding 
sites for [125~]iodocyanopindolol ([12S~]- 
ICYP), a P-AR ligand (Fig. 2A); the calcu- 
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