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Xenopus laevis oocytes are cells ideally suited to the study of signal transduction and of the G-proteins that are involved
in this process. A X. laevis cDNA library in Agt10 has been screened with a mixture of three oligonucleotide probes de-
signed to detect sequences found in various mammalian a-subunits of G-proteins. One of these clones has been purified
through tertiary screening and the DNA insert has been sequenced. This clone was found to include the total sequence
coding for a 354 amino acid protein that is 89% identical to the sequence of a-subunit of rat G,. The differences with
the mammalian protein were clustered in amino acids 290-315, which have been postulated to define the region interac-
ting with the receptor and effector molecule. The homology with the a-subunits of other mammalian G-proteins is lower
(65-70% to G; and 42% to G;). On this basis, this clone can be classified as G,-like.

G-protein; cDNA cloning; Nucleotide sequence; (Xenopus laevis oocyte)

1. INTRODUCTION

The transduction of many extracellular signals
involves the participation of trimeric GTP-binding
proteins, called G-proteins, that can interact both
with the signal receptors and with effector
molecules present in the cellular membrane (for
reviews see [1—-3]). Mammals are known to contain
at least 7 different G-proteins, all of which have -
, B- and y-subunits. The 8- and y-subunits are very
similar or identical in all these G-proteins, but they
contain different a-subunits. The a-subunits bind
GTP and, when dissociated from 8 and v, bind the
effector molecules to stimulate or inhibit their ac-
tivity. The mechanism for the hormonal regulation
of adenylyl cyclase through stimulatory (Gs) and
inhibitory (G;) G-proteins has been established
through the work of many laboratories [2]. Present
attention in this field is centering on the G-proteins
that regulate ion channels, phospholipases A and
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C, and exocytosis [4—7]. The recent cloning and se-
quencing of genes that code for the mammalian
subunits of G-proteins have provided much insight
as to their structure and function relationships
[8—12].

There are several reasons for studying the G-
proteins of Xenopus laevis oocytes. The adenylyl
cyclase present in the membrane of these cells can
be inhibited by progesterone in an unusual
mechanism that is responsible for the induction of
meiotic maturation [13—16]. This inhibition re-
quires the participation of G-proteins but is not af-
fected by ADP-ribosylation of membrane
G-proteins by pertussis toxin which generally
dampens the effect of Gi-mediated inhibition [17].
The mechanism is still unclear and requires a
definite identification of the G-protein involved.
The X. laevis oocyte has also become a popular
system for the in vivo expression of hormonal and
neuronal receptors. A number of laboratories have
demonstrated that microinjection of mRNAs from
different tissues leads to the synthesis of
membrane-bound receptors. In such experiments
the oocyte has shown an amazing versatility,
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because these cells not only express and process
correctly the foreign proteins, but also can couple
the newly acquired receptors to transducing
systems that make them responsive to external
signals [18—22]. These findings suggest that it
would be possible to study in the oocyte the nature
of the transducing components that are coupling to
these receptors.

Since oocytes respond to acetylcholine stimula-
tion by an increase in inositol 1,4,5-trisphosphate
[23], these cells could also be used to study the G-
proteins that are involved in the activation of the
endogenous phospholipase C.

In this communication we report on the cloning
and sequencing of cDNAs that code for the a-
subunit of a G-protein highly homologous to rat
Go.

2. MATERIALS AND METHODS

2.1. ¢DNA library

A cDNA library of X. laevis oocytes cloned in Agt10 (kindly
donated by Dr D.A. Melton of Harvard University) [24] was
used.

2.2. Screening of the DNA library

About 1.5 x 10° recombinant plaques were screened by pla-
que hybridization [25] with three synthetic probes labeled at the
5'-end with **P. The probes used for this purpose were a
27-base oligonucleotide probe (probe A: 5'-CATTTGCTTCA-
CAATGGTGCTTTTACC-3') directed against a highly con-
served Go mammalian region (Gly-Lys-Ser-Thr-lIle-Val-Lys-
Glu-Met), a 57-base oligonucleotide probe (probe B: 5'-GAA-
GAGGCCACAGTCCTTCAGGTTGTTCTTGATGATGAC-
GTCAGTGACGGCATCAAA-3') directed against a sequence
present in mouse macrophage Gai-type 2 (Phe-Asp-Ala-Val-
Thr-Asp-Val-lle-Ile-Lys-Asn-Asn-Leu-Lys-Asp-Cys-Gly-Leu-
Phe) and a 48-base probe (probe C: 5'-CATCATGGCAGAA-
AGCAGTTCTGCAGAGAATGGTTCAGTGTCCTCCAT -3')
directed against a sequence present in rat heart Ga, (Met-Glu-
Asp-Thr-Glu-Pro-Phe-Ser-Ala-Glu-Leu-Leu-Ser-Ala-Met-Met)
[26]. Phages from three positive lytic plaques from the first
screening round were plaque-purified through secondary and
tertiary screening. One of these clones was fully sequenced.
Hybridizations were done overnight at 45°C in a solution con-
taining 6 x SSC (1 x SSC = 0.15 M NaCl, 15 mM sodium
citrate, pH 7), 5 x Denhardt’s solution (1 x = 0.02% BSA;
0.02% polyvinyl pyrrolidone; 0.02% Ficoll), 300 mM sodium
phosphate, pH 6.8, 100 xg of heat-denatured salmon sperm
DNA per ml and 0.1% SDS. Filters were washed three times at
45°C in 6 x SSC and then twice at 50°C in 6 x SSC for 15 min,
before autoradiography. Films were exposed overnight at room
temperature. Southern blots were done as described [27].
Nitrocellulose membranes were washed three times at 55°C for
15 min and exposed between 1 and 3 h at room temperature.
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2.3. DNA sequence analysis

Nucleotide sequences were determined by using the phage
M13mp19 and the dideoxynucleotide chain-termination method
[28] as previously described [11].

3. RESULTS

3.1. Screening of the Xenopus laevis oocyte cDNA
library with a mixture of three synthetic
probes

A Xenopus laevis oocyte cDNA library cloned in

Agtl0 was screened using a mixture of three syn-

thetic oligonucleotide probes complementary to

conserved regions of different a-subunits of G-

proteins (see section 2). Approx. 1.5 x 10° plaques

were screened yielding 25 positive clones. Three of
these clones, XLa310, XLa811 and XLal14 were
chosen and carried through secondary and tertiary
screening. DNA was prepared from these three
clones, blotted onto nitrocellulose membranes and
hybridized, separately in this case, to each of the
labeled synthetic oligonucleotide probes. The
27-base probe A, which contains a sequence highly
conserved in all a-subunits of G-proteins,
hybridized to all 3 cDNA clones. The 57-base pro-
be B, which is present in mouse type 2-a; subunit
hybridized strongly with XLa310 and XLa811; the
48-base probe C directed against an «, sequence,
however, only hybridized strongly to the XLa114
clone.

The clone XLal14 was analyzed further by
nucleotide sequencing of the cDNA insert follow-
ing the strategy presented in fig.1.

-11 1000 2000 nt
ﬁL . 1 -
- EcoRl
127 3 354aa 2351
—{ - Azg
U——s UL— —_ — —_ U
— —U -~ - - ’

Fig.1. Restriction endonuclease map and sequencing strategy
for the X. laevis Gao-like cDNA. The top scale indicates cDNA
length in nucleotides. The open box shows the open reading
frame (ORF) for the protein. The thin black lines show the 5'-
and 3'-untranslated regions of the mRNA. The arrows indicate
extent and direction of sequencing obtained with individual
oligonucleotide primers. The cDNA insert from AXLa114 was
sequenced in its complete length, after subcloning its two EcoRI
fragments in both directions into M13mp19. U, universal M13
primer used to begin the sequence walks [11].
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3.2. Nucleotide sequence of the Gao-type cDNA
clone

Fig.2 shows the nucleotide sequence of the
cDNA insert of clone XLa114. This figure shows
the translation of this sequence into an open
reading frame that generates a 354 amino acid pro-
tein (40284 Da). The assignment of the initiation
methionine codon is based on the existence of an
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GGCACAC TGGGACTCAT CTCCATCCGT CCTATTCCAG

ccofBRceac GaaacAAACC
c

GACTCCCCCC T

COCCCOGCAGA AGGACCCGGG ACCCCCTCCG 26C
3 10

ATC GGC TGC ACA CTG AGC GCG GAG GAA AGA GCA GCG GTG GAG
Mat Gly Cys Trh Leu Ser Als Glu Glu Arg Ala Ala Lau Glu
61 20
AAGMCCTTMGGACGATWGCACCGCTGCCAMGATGTC
Lys Asn Leu Lys Glu Asp Gly Val Thr Ala Ala Lys Asp Val
121 30

GCT 066 GAA TCT GG AMAAGC ACC ATT GIC AAG GAGATG AMA
Ala Cly Glu Ser Gly Lys Ser Thr Ile Val Lys Gln Met Lys
181 20

TTC TCA GGA GAG GAT GTC AAG CAC TAC AAA CCT GTG GTT TAC
Phe Ser Gly Glu Asp Val Lys Gln Tyr Lys Pro Val Val Tyr
261 20

CTG CGA GCC ATT GTC CGT GCC ATG GAC ACT CTG GGC ATT GAG
Leu Ala Ala Ile Val Arg Ala Met Asp Thr Leu Gly Ile Glu
301 110

AGG GCC GAT GCC AAG ATG GIG TGT GAT GTC GTG AGC CGC

Arg Ala Asp Ala Lys Met Val Cys Asp Val Val Ser Arg Net
361

pei
16 AL G4 IO I TCTSECATE €I ACA CTT TG0 ch cac
Ser Pre Glu Leu Leu Ser Ala Met Val Arg Leu Trp Als Asp

421 130

TTC AAC CGA TCC AGG GAA TAC CAA CTT AAT GAC TCC GCT AAA
Phe Asn Arg Ser Arg Glu Tyr Gln Leu Asn Asp Ser Ala Lys
481 110

GAT CGT ATC GGA GCC CCT GAT TAT CAG CCT ACA GAA CAG GAT
Asp Arg Ile Gly Ala Pro Asp Tyr Gln Pro Thr Glu Gln Asp
s41 190

AAG ACC ACT GGA ATT GTA GAA ACT CAC TTC ACC TTC AAA AAC
Lys Thr Thr Gly Ile Val Glu Thr His Phe Thr Phe Lys Asn
601 210

GAT GTT GGG GGG CAG CGA TCA GAA CGT AAG AAG TGG TGG CAC
Asp Val Gly Gly Gln Arg Ser Glu Arg Lys Lys Trp Trp His
661

GCT ATC ATT TTC TGT GTG GCA CTT ACT GGG TAC GAC CAG GTC
Ala Ile Ile Phe Cys Val Ala Leu Thr Gly Tyr Asp Gln Val
21

ACG AAC CGG ATG CAT GAA TCC CTC AAA CTT TTT GAC TCC ATC
Thr Asn Arg Met His Glu Ser Leu Lys Leu Phe Asp Ser Ile
781

ACT GAC ACA TCC ATC ATT CTG TTC CTC AAT AAG AAG GAT ATC
Thr Asp Thr Ser Ile Ile Leu Phe Leu Asn Lys Lys Asp [le
841 290

AGC TCT CCT CTT ACT ATC TGC TTT CCG GAA TAC ACA GGT CCC
Ser Ser Pro Leu Thy Ile Cys Phe Pro Leu Tyr Thr Gly Pro
901 0

GTA GCG CAC ACA CAG CAT CAG TAT GAG AGC CGA AAC AAG TCT
Val Ala His Thr Glu His Glu Tyr Glu Ser Arg Asn Lys Ser
961 330

ACC CAT ATC ACC TGC GCT ACT GAT ACT CAG AAC ATC CAG TTT
Thr Hia 1le Thr Cys Ala Thr Asp Thr Gln Asn Ile Gln Phe
1021 130

GAT GTC ATC ATT GCC TAT AAT CTG CGG GGT TGT GGC CTT TAC
Asp Val I1le Ile Ala Tyr Asn Leu Arg Gly Cys Gly Leu Tyr
1081

AAGCAGGATA ATGAAGGCAA AGCAGCGACA GGAGGAGTCT TTTTACCCAG
TTTTTITTCC CCTATTAATC CTTATGGTTA TAATCAATCC CAGCCCCCGT
TGCCAACACG CCTTTTCATA CCCGTTGGAT CTTTCTCTTA TATCTAGAGA
ATGGTTGACC TGTATCTGAA ATAGTTGACT GACACTTCTT GCTGTAAGGC
TCTCTCAAGC TCTACATGTA AAGATCTTGA AGGGTTAACC TTGATTCCTG
GTGGATTATA GTTTATTCCA ACTATAAAAC ATCTCACTGC TACTGAATCT
TAAAGCCGCT GTACTTAAGG AAATTCTTTC CAGTAATCGG TCAAAGTGCC
ATGTAGGAGG TAGTCTTAGG CTAAAATATG ATTGCTTACA TACCTGCTTG
TCTACCACTA ACCACTCTAC TCACTAAGGT TATTATTCCG TTAATGGTCA
GTGGCCATAC ACATGGTGGT AAAATTGTAC AAAATTGTGT GTGTGTCGTT
ATCCATGGAC TGTATTATGG ATATTGGTTG GTTTATTCAT TTGGCAGGTT
GCACCATATC TACCAATCCA TTITGGCCTAC AGATCTATCA GATACTTTAT
TTTAGCATTC GGCAGAAAGA ACACATACGC CTTCTTATTG CAACAGTAGT
TAGTTCTTAA ATGCTTCATT CTCAAATGCC ACCTAACTCC ATGTCATCAG
AATTACCTTA TTTCACATAA TACCTGCCAA ATTTTACTGT GAATTTTITT
TGACGGCATC AAACCACCAT CTCTGCTTAT TGGAGAAAGC CTAATGAAGA
GTCATTATCT CTTGTCACAC AGCTCTCATC TATAGGGATA ATACTGGATA
GTTTTATCTT CACTTCGCAT AATGCACTTA AGTATATACA AATATAACTA
AAAMAALAA AAAAAAAAAA A

20
AGC AGC AAA CAG ATC GAG
Arg Ser lys Gln Ile Glu
40

AAA CTG CTG CTG CTA GGG
Lys lLeu Leu Leu Leu Gly
&0

ATT ATC CAT GAA GAT GGA
1le Ile His Glu Asp Gly
£0

AGT AAC ACA ATC CAG TCT
Ser Asn Thr Ile Gln Ser
100

TAT GGT GAC AAA GAA AGA
Tyr Gly Asp Lys Glu Arg
120

Glu Asp Thr Glu Pro Tyr

140
TCC GGA ATT CAG GAA TGC
Ser Gly Ile Gln Glu Cys

160
TAC TAC CTA GAC AGT TTA
Tyr Tyr Leu Asp Ser Leu

180
ATC CTG AGA ACC AGA GTG
Ile Leu Arg Thr Arg Val
200

CTT CAC TCT AGG CTG TIT
Leu His Phe Arg Leu Phe
220

TGT TTT GAG GAT GTC ACA
Cys Phe Glu Asp Val Thr

240
CTT CAT GAA GAT GAA ACA
Leu His Glu Asp Glu Thr
260
TGT AAC AAC AAG TGG TTC
Cys Asn Asn Lys Trp Phe

TTC CAA GAG AAA ATC AAC
Phe Gln Glu Lys 1le Lys
200

AAC TCA TTT ACC GAA GCC
Asn Ser Phe Thr Glu Ala

120
GAG AAC AAG GAG ATT TAT
Glu Asn Lys Glu 1le Tyr
240

GTG TTT GAT GCT GTT ACA
Val Phe Asp Ala Val Thr

TAA GCGGC AGGCTTTAAG
STOP 1071

ACACAGCCAG ACTTGTITTG
CAGCTTTTTT ACACTGCATG
AATTCTTCAT AGCAGAAATC
TCAGATTGTC CTGAGAGATS
AAATAGTACC CTGCTGGAAG
TCTTTTTTAA ATACGGTTTC
AAAATAACTT AAACCTTTCC
GTATGAATAG TAACCTGTTT
AACCATTTCT CAGGCTACAG
GACTAGCTAT GGCGACTAAT
AGAAAATGTC ATCTGCCCAT
GGGGTCGACC CATGGCTGCC
TAAAGATGTA CTGTATAAGA
AGATCCATTC CTGACATTGT
TAACTGTTTC ATCATATCCT
AAAAATTCAT GACGACGACG
ATAATATATC TGAAAGCCAC
TTGATGTTTT TTTAAAAAAA
2333

Fig.2. Nucleotide and predicted amino acid sequence of the

c¢cDNA insert from XLall4 (Ga,). Numbers indicate the

positions of nucleotides or amino acid residues starting at the

initiation codon. Nucleotide and amino acid sequences

recognized by the rat heart «, probe (48-base) and by the
common 27-base probe are underlined.
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in frame TAA stop codon in position — 87 of the
5’-flanking sequence of the XLa114 cDNA insert.
The sequence contains an internal EcoRI site at
position 414 and predicts an mRNA with a
3'-untranslated region of 1269 nucleotides follow-
ed by a poly(A) tail.

The deduced amino acid sequence revealed a
high degree of identity (89%) with that of a rat
Ga, reported previously [29], as can be seen in
fig.3. The differences from the mammalian se-
quences are scattered throughout the protein but
are specially concentrated in the area of the
290-315 amino acids. Most of the changes,
however, are conservative. On the other hand,
there are many regions in which the identity be-
tween the two proteins is nearly perfect. The 5'-
and 3’ -non-coding sequences of the X. laevis clone
are quite different from their mammalian counter-
parts [9,29].

4. DISCUSSION

The use of 3 mixed synthetic oligonucleotides
has enabled us to detect 25 cDNA clones putatively
coding for a-subunits of X. lgevis G-proteins. This
strategy uses the fact that the oligonucleotide mix-
ture contains a 27-mer complementary to a se-
quence highly conserved in all known a-subunits
of G-proteins (probe A) and two oligonucleotides
designed to interact with the specific regions of
Ga, (48-mer, probe C) and Gei (57-mer, probe B).

The determination of a nucleotide sequence of
one of the cDNASs cloned in this fashion has con-
firmed its identity as the «-subunit of G-protein
and allows us to make comparisons with the se-
quence of the a-subunits of known mammalian G-
proteins.

The first conclusion is that the degree of conser-
vation of the sequences of the amphibian and
mammalian «-subunits is very high indeed. This
suggests that this amphibian protein is also fulfill-
ing a very similar function in membrane signal
transduction, as has been postulated for its mam-
malian counterparts. More detailed comparison
with the various mammalian sequences allows a
tentative identification of the clone obtained. The
XLa114 clone has a sequence that is clearly closer
to the mammalian Ga, (89% amino acid sequence
identity) than to other a-subunits (65—70% identi-
ty to the three different Gai subunits and only 42%
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Go . :IHGCTLSAEERAALERSKJA[IEKNLKEDGISAAKDVKLLLLGAGESGKSTIVKQM
Go-XL MG CTLSAEERAALERSKIQUEKNLXKEDGV TAAKDVKLLLLGACESGKSTIVXKON
Go :xrxu:ncrsc}:nvxovxpvvvsuTrosLAAxvnAusTchzvcnxrnxAnsxq,
Go-XL :|K T I HEDGFSGEDVKQYKPVVYSNTIQSLAAIVRANDTILGIFEYGDKERPADAKEK
Go :[VCDVVSRH}:DT}:P}'SAELLSAHHRLHGDSGIQECFNPSREYCLNDSAKYYLDS
Go-XL :|VCDVVYSRMEDTEPYSPELLSAMVRLWADSGIQECFNRSPEYNLNDSAKYYLES
Go :fLDRIGAADYQPTEQDILRTRVKTTGIVETHFTFKNLHFRLFOVGGOQRSERKKUW
Go-XL:LDRIGAPDYQPTEQDILRTRVKTTGIVETHFTFKNLHFRLFDVGGQRSERKKH,
Go :IHCPEDVTAIIFCVALSGYDQVLHEDETTNRHHESLHIL!‘DS CNNKFF|I[DTSI
So-XL : v VA v KILEpstcNNkwFTlDTS I
% :1er.uxxnx.rc,r.xrx‘lxl’sn.rrch:YPcsrzTy]sAmvx[ﬂrlirzsxunjp‘ux:]
30-XL : prrFolEXIK|sSlSPLTICFPEYTGPNSFT viafu tlollo Y Es RN k S|E[N KE
3 : CHHTCATDTNNIE]VPIFDAVTDIIIﬂNllTLRG cuj

o-XL : THITCcATDTOQNIOQF[VFDAVTDVITIAYNLRGCGLY

Fig.3. Alignment of the predicted amino acid sequence of X. laevis Ga, with those of rat Ge, [9,26]. Amino acid residues are presented
by standard one-letter symbols. The residues in X. laevis Ga, that are not homologcus to the corresponding residues at the same
position in the rat Ga, are underlined. The arrow indicates the site of ADP-ribosylation by pertussis toxin.

identity to rat Gas). On this basis we can consider
the XLall4 sequence to be ‘Ga,-like’. Unfor-
tunately the function of G, proteins has not been
clearly defined. It is interesting, however, that the
differences between the X. lgevis and rat sequences
are clustered in a region (290—315 amino acids)
close to the carboxyl-end, which contains the
region that has been postulated to interact with
receptors [30,31] as well as effectors [32]. These
differences could indicate that the X. laevis se-
quences may represent a new class of ao subunit.
The common regions which contain the GTP-
binding sites in other a-subunits are also conserved
in the amphibian sequences.

The X. laevis G-protein a-subunit terminates at
the carboxyl-end with the sequence CGLY in
which the conserved cysteine is the ADP-ribose ac-
ceptor site in the reactions catalyzed by pertussis
toxin [29,33]. This observation is pertinent because
we have previously shown that the oocyte plasma
membrane contains a substrate for pertussis toxin
ADP-ribosylation [17]. Under special conditions
of polyacrylamide gel electrophoresis of mem-
brane proteins ADP-ribosylated by pertussis toxin,
we have observed two closely migrating bands
which may correspond to Gi and G, a-subunits

(unpublished results). Endogenous substrates for
pertussis toxin ADP-ribosylation have also been
observed by Kaneko et al. [22]. In this regard it is
interesting to note that ADP-ribosylation of
oocyte membrane proteins by pertussis toxin does
not abolish the inhibitory effect of progesterone on
the oocyte adenylyl cyclase [17].

There has been some controversy about the
presence of transducing proteins in X. laevis
oocytes. Some groups claim that all the com-
ponents of the transducing machinery are absent in
the oocytes and are only present in the surrounding
follicle cells [34—36]. This conclusion was based on
the observation that oocytes denuded of follicle
cells by collagenase treatment do not respond to
some agonists. This claim was countered by a large
number of experiments in which microinjection of
purified mRNAs for different receptors resulted in
functional signal transduction through the newly
synthesized receptors, indicating that oocytes
possessed all the other components required for
transduction [21,37,38]. The finding described
here that demonstrates the isolation of a clone of
¢DNA coding for a G-protein in a ¢cDNA library
constructed with an mRNA preparation obtained
from denuded oocytes [24] should help to resolve
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this controversy.

Preliminary sequencing experiments with some
of the other isolated clones indicate the presence of
two different ai-type subunits and one «; subunit.

The cloning of the a-subunits of the G-proteins
of the very versatile oocyte system should be
helpful in attempts to elucidate the different func-
tions of the various components of G-protein
family that are present in these cells.

Acknowledgements: This work was supported by The Council
for Tobacco Research, FONDECYT-Chile, the Organization of
American States, the University of Chile and Grants DK-09318,
DK-27685, HL-31164, and HL-39262 of the National Institutes
of Health.

REFERENCES

[1] Iyengar, R. and Birnbaumer, L. (1987) ISI Atlas of
Science: Pharmacology, pp.213-221.

[2] Gilman, A.G. (1987) Annu. Rev. Biochem. 56, 615-649.

[3] Allende, J.E. (1988) FASEB J. 2, 2356-2367.

[4] Spiegel, A. (1987) Mol. Cell. Endocrinol. 49, 1-16.

[5] Birnbaumer, L. (1987) Trends Pharmacol. Sci. 8,
208-211.

(6] Berridge, M.J. (1987) Annu. Rev. Biochem. 56, 159—193.

[7) Bourne, H. (1988) Cell 53, 669—671.

[8] Mattera, R., Codina, J., Crozat, A., Kidd, V., Woo, S.
and Birnbaumer, L. (1986) FEBS Lett. 206, 36—42.

[9] Jones, D. and Reed, R. (1987) J. Biol. Chem. 262,
14241-14249.

[10] Fong, H., Yoshimoto, K., Eversole-Cire, P. and Simon,
M. (1988) Proc. Natl. Acad. Sci. USA 85, 3066—3070.

[11] Codina, J., Olate, J., Abramowitz, J., Mattera, R.,
Cook, R. and Birnbaumer, L. (1988) J. Biol. Chem. 263,
6746—6750.

[12] Yatani, A., Mattera, R., Codina, J., Graf, R., Okabe, K.,
Padrell, E., Iyengar, R., Brown, A. and Birnbaumer, L.
(1989) Nature, in press.

[13] Sadler, S.E. and Maller, J. (1981) J. Biol. Chem. 255,
6368—-6373.

[14] Finidori-Lepicard, J., Schorderet-Slatkine, S., Hanoune,
J. and Baulieu, E.-E. (1981) Nature 292, 255-257.

[15] Jordana, X., Allende, C.C. and Allende, J.E. (1981)
Biochem. Int. 3, 527-532.

[16] Jordana, X., Allende, C.C. and Allende, J.E. (1982)
FEBS Lett. 143, 124-128.

[17] Olate, J., Allende, C.C., Allende, J.E., Sekura, R. and
Birnbaumer, L. (1984) FEBS Lett. 175, 25-30.

192

FEBS LETTERS

February 1989

[18] Gundersen, C., Miledi, R. and Parker, 1. (1983) Proc. R.
Soc. Lond. B219, 103-109.

[19] Sugiyama, H., Hiranaga, Y. and Hiromo, C. (1985) Brain
Res. 338, 346—350.

[20] Sumikawa, K., Parker, 1. and Miledi, R. (1984) Proc.
Natl. Acad. Sci. USA 81, 7994—7998.

[21] Nomura, Y., Kaneko, S., Kato, K., Yamagishi, S. and
Sugiyama, H. (1987) Mol. Brain Res. 2, 113-123.

[22] Kaneko, S., Kato, K., Yamagishi, S., Sugiyama, H. and
Nomura, Y. (1987) Mol. Brain Res. 3, 11-19.

[23] Oron, Y., Dascal, N., Nadler, E. and Lupee, M. (1985)
Nature 313, 141-143.

[24] Rebagliati, M.R., Weeks, D., Harvey, R. and Melton, D.
(1985) Cell 42, 769-777.

[25] Abramowitz, J., Mattera, R., Liao, C., Olate, J., Perez-
Ripoll, E., Birnbaumer, L. and Codina, J. (1988) J.
Recept. Res. 8, 561—588.

[26] Van Dongen, A.M.J., Codina, J., Olate, J., Mattera, R.,
Joho, R., Birnbaumer, L. and Brown, A.M. (1988)
Science, in press.

[27] Maniatis, T., Fritsch, E. and Sambrook, J. (1982)
Molecular Cloning: A Laboratory Manual, pp.382—-386,
Cold Spring Harbor Laboratory, Cold Spring Harbor,
NY.

[28] Sanger, F., Nicklen, S. and Coulson, A. (1977) Proc.
Natl. Acad. Sci. USA 74, 5463—5467.

[29] Itoh, H., Kozasa, T., Nagata, S., Nakamura, S., Kateda,
T., Ui, M., Iwai, S., Ohtsuka, E., Kawasaki, H., Susuki,
K. and Kaziro, Y. (1986) Proc. Natl. Acad. Sci. USA 83,
3776—-3780.

[30] Masters, S., Strand, R. and Bourne, H. (1986) Protein
Eng. 1, 47-54.

(31} Sullivan, K., Miller, R., Masters, S., Beiderman, B.,
Heideman, W. and Bourne, H. (1987) Nature 330,
758-760.

[32] Masters, S.B., Sullivan, K.A., Miller, R.T., Beiderman,
B., Lopez, N.G., Ramechandran, J. and Bourne, H.R.
(1988) Science 241, 448—451.

[33] West, R., Moss, J., Vaughan, M., Liu, T. and Liu, T.Y.
(1985) J. Biol. Chem. 260, 14428—14430.

[34) Dascal, N., Lotan, 1., Gills, B., Lester, H. and Lars, Y.
(1985) Proc. Natl. Acad. Sci. USA 82, 6001-6005.

[35] Greenfield, L., Linden, J. and Hackett, J. (1987) Fed.
Proc. 46, 1133—1136.

[36] Smith, A., Brooker, T. and Brooker, G. (1987) FASEB J.
1, 380-387.

[37] Meyerhof, W., Morley, S., Schwarz, J. and Richter, D.
(1988) Proc. Natl. Acad. Sci. USA 85, 714-717.

[38] Masu, Y., Nakayama, K., Tamaki, H., Hareda, Y.,
Kuno, M. and Nakanishi, S. (1987) Nature 329, 836—838.



