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A cDNA library preprared from Xenopus laevis oocytes in Agt10 was screened with a mixture of three oligonucleotide probes designed to detect
sequences found in different mammalian genes coding for a-subunits of G-proteins. In addition to a clone coding for a Gao-type subunit previously
reported [(1989) FEBS Lett. 244, 188-192] four additional clones have been found coding for different Ga protein subunits. By comparison with
mammalian a-subunits, these oocyte cDNAs correspond to two closely related Gas-1a, to a Gai-1 and to a Gai-3 species. The derived amino acid
sequences showed that both Gas species contain 379 residues, corresponding to the short species without the serine residue and with a calculated
M, of 42720. The Guai-1 gene encodes a 354 amino acid protein with an M, of 39000 and the Gai-3 encodes an incomplete open reading frame
of 345 residues, lacking the first 9 amino acid residues at the NH, terminus. All these Ga-subunits showed high identity with their respective mamma-
lian counterparts (75-80%), indicating a great degree of conservation through the evolution and the important cellular regulatory function that
they play.

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

1. INTRODUCTION

The transduction of many external signals towards
the interior of the cells involves trimeric proteins that
bind guanine nucleotides and that are known as G-
proteins [1]. There is a large family of these proteins
since more than 16 different G-proteins have been
isolated from different species and tissues [2-5].
Although the function of some of these G-proteins has
been elucidated in particular signal transduction
pathways, there are still many questions open as to the
role that each one of these may play in different
systems.

The Xenopus laevis oocyte has become a popular
system for researchers studying the function of recep-
tors and who have isolated mRNAs coding for these
receptor proteins. The reason for this popularity is the
fact that the oocyte microinjected with these mRNAs
has shown itself to be capable of both translating these
receptors and also of coupling the newly synthesized
receptors to transducing systems. The microinjected
oocyte thus acquires the capacity to respond
physiologically to the agonist that binds to that par-
ticular receptor [6—9].
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It has become important, therefore, to study the en-
dogenous transducing systems of the oocyte in order to
be able to determine the entities that participate in the
mechanism of action of various signals and that couple
to their respective effector systems. These considera-
tions have induced us to clone the genes coding for dif-
ferent G-proteins that are expressed in this amphibian
oocyte. In a previous communication [10], we reported
the cloning of the cDNA coding for the oocyte Gao-
type subunit which showed a high degree of identity to
the mammalian Geao.

In this report, we present the cloning and sequencing
of four other different cDNAs from Xenopus laevis
oocytes coding for a-subunits highly analogous to Gas,
Gai-1 and Gai-3 of mammalian systems. These results
indicate that this single cell type has at least 5 different
types of G-proteins.

2. MATERIALS AND METHODS

2.1. ¢cDNA library

A Xenopus laevis oocyte cDNA library constructed in the vector
£t10 (kindly donated by Dr D.A. Melton of Harvard University) was
utilized [11].

2.2. Screening of the cDNA library

Close to 2 x 10° recombinant plaques were screened by plaque
hybridization [12] with three synthetic probes labeled at the 5'-end
with 32P. The probes used for this purpose and their respective se-

00145793/90/$3.50 © 1990 Federation of European Biochemical Societies 27



Volume 268, number 1

quences were the same utilized in the previous work [10]. Phages
from five positive lytic plaques from the first screening round were
plaque-purified through secondary and tertiary screening. Four of
these clones were fully sequenced. Hybridizations were done over-
night at 40°C in a solution containing 6 X SSC, pH 6.8, 100 4g of
heat-denatured salmon sperm DNA per ml and 0.1% SDS. Filters
were washed three times at 40°C in 6 X SSC and then three times at
45°C for 15 min. Films were exposed overnight at room temperature.

2.3. ¢cDNA sequence analysis

Nucleotide sequences were determined by using the M13mp19 and
the dideoxynucleotide chain-termination method [13] as described in
the ‘Sequenase’ booklet provided by the US Biochemical Corp.
(USB).

3. RESULTS

3.1. Screening of the Agtl0 Xenopus laevis oocyte
c¢DNA library

Using the same strategy described previously by
Olate et al. we screened about 2 x 10° lysis plaques and
five positive clones were obtained. All these clones were
subjected to a secondary and tertiary screening, their
DNAs purified and finally analyzed by nucleotide se-
quencing of the cDNA inserts following the strategy
shown in Fig. 1.
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3.2. Nucleotide sequences of the Gai-1 cDNA clone

Fig. 2 shows the nucleotide sequence of the cDNA
encoding the Gai-1 type a-subunit. The sequence is
2759 nucleotides long and predicts an open reading
frame of a 354 amino acid protein (M; 40200), with a
5'-untranslated region of 184 nucleotides and a
3’-untranslated region of 1510 nucleotides. The se-
quence contains two poly(A) addition sequences,
AATAA, at positions 1979 and 2539 and it ends with
a 14 residue poly(A) tail. The deduced amino acid se-
quence showed a high degree of identity (85%) with the
human Gai-1 [14].

3.3. Nucleotide sequence of the Gai-3 cDNA clone
Fig. 3 shows the nucleotide sequence analysis of an
insert with great similarity to human Gai-3. The se-
quence is 2037 nucleotides long and it predicts a single
open reading frame of 1035 nucleotides coding for a
continuous sequence of a 345 amino acid protein. Since
no ATG initiation codon was found, we assume that
this sequence contains the partial sequence for a Ga-
type protein missing a short stretch of the
NH,-terminus. At the protein level, comparison of cor-
responding residues between the oocyte and human Geai
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Fig. 1. Sequencing strategy and partial restriction endonuclease map for the Xenopus laevis Ga ¢cDNAs. The top scale indicates cDNA length
in nucleotides. Open boxes show the open reading frames (ORF) for the different proteins. The thin black lines show the 5’- and 3’ -untranslated
regions of the mRNA. The arrows indicate extent and direction of sequencing obtained with the oligonucleotide primers. All the cDNA inserts
were sequenced in their complete length after subcloning them into the M13mp19 vector. The numbers in parentheses correspond to the length
of each cDNA. The restriction endonuclease sites are denoted by one letter. B, BamHI; H, HindllIl; N, Ncil; E, EcoRl; Be, Bcll; S, Sphl; Bs, Bstl.
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~484
CAGA CACGAGCTCA TCATCATTAT CTCTTATIAA CTEORCCSCE
TCTCE06GAC CTCTOAGTEC CATTTGTATC COGGCCACCC CTACTTAGTC ACGTTGOGCC CCCATLCGET
GETACCTCOC COCAGTGCTC CGGCTTGOTG TCCTETCTCT CGCCTICORE CTGAACOBAS AACCGTCOCC

1 i 22
ATG OGK TGT ACE (TG AGC GCC GAA GAC AAG GCA CCC GTS GAG AGS AGC AAA ATG ATC GAT
Met Cly Cya Thr Leu Ser Ala Glu Asp Lys Ala Ala Val ¢lu Arg Ser Lys Met Ile A;'g
61 ag

AGE AAC CTT ACG GAC GAC OGA GAG AAG GCT GCC COG GAG GTG AAG CTG CTT CTC CTC G6C
Arg Amm Leu Arg Glu Asp Sly Glu Lys Als Ala Arg Glu Vsl Lys Leu Leu Leu Leu Gly
n =

52
GOT GGG GAA TOT AAR ATC ATC CAT GAA GCU GOA
Ala Gly Glu Ser % 1ys Ser * Tie Val lys %en ¥at lys Ile Ils His Glu Ala G;z
181 0
TAC TCA GAA GAA GAA TGC AAA CAG TAC AAG GCA CGTT (TT TAC AGT AAC ACA ATT CAA TCC
Tyr Ser Gly Glu Gly Cys Lys Gln Tyr Lys Ala Val Val Tyr Ser Asn Thr Ile Gln Ser
ond

R o
ATT ATT GOC ATT ATT (66 GCA ATG 8GC AGA CTG AAG ATA GAT TTT GOT OAT CCC TCA AGA
Tle Yle Ala Ile Ils Arg Ala Met Gly Arg Leu Lys Ile Asp Phe Gly Asp Pro Ser Arg

301 120

GOG GAT GAC GCA CGC CAG CTT TTT GTA TTC GCT GGA GCA GCA CAA GAA GOT TTT ATG ACT

mmupmmcmmehsvumuu;clym;naaxumuszynenecg;
1

Al
GCA GAA UTA SCT GGA YT ATA AAA AGA TTA TGG AAG GAT 6T GGT GTA CAG £0C 10T TIC
Als Glu Leu Ala Sly Vsl Ile Lys Arg Lev Trp Lys Asp Qly Glv Val Gln Aa Cys g
428 350
AAC AGE TCA AGA GAA TAT CAC CTC AAT GAC TCT GDA GCA TAT TAT CTT AAC GAT TTG GAC
mmmmsmmmnuumups-ramAxnmmz.euunupmugg
&8

E

ACG ATA GCA CAG AAC AUT TAC ATA CCA ACT CAA CAG GAT GYT CTC AUG ACT ASA GTG AA%
Arg Ile Ala Gln Asn Ser Tyr Ile Pro Thr Gln Gln Asp Val Leu Ary Thr Avg Val ggs
Sua
ACT ACG GGC ATA GTA GAA ACT CAT TIT ACT TTC AAG GAC CTT CAT TTC AAA ATG TIT GAT
The Thr Gly Ile Val Glu Thr His Phe Thr Phe lys Asp leu His Phe iys !setﬁm;;};
601
GG GGA GGC CAR AGA TCT CAA ACA AMA AAA TCG ATT CAT T6C TIT GAG GOR OTC ACA GCA
val Gly Gly Gln Arg Ser.Glu Arg Lys lys Trp Ile His Oys Phe Glu Gly Val The Ala
61

a0
ATA ATT TTC TCT GTA GCA CTG AGT GAT TAT GAT CTA GTT TTA GCT GAA CAT GAG GAA ATG
fie Ile Phe Cys Val Ala Leu Ser Asp Tyr Asp leu Val leu Ala Glu Asp Glu Glu Hags
728
AAC ©OC ATC CAT GAA AGC ATG AAA CTA TTC GAT AGT ATC TGAC AAT AAC AAG TGG TTT ACA
Asy: Arg Met Him Glu Ser Met Lys Leu Phe Asp Ser Ile Cys Asn Asn Lys Trp Phe Thr
781

2 280
GAC ACT TCC ATT ATT CTC TTT CTA AAT AAA AAA GAT CTT TTT GAC GAG AAA ATC AAG AGA
Asp Thr Ser Ile Ile Leu Phe lLeu Asn iys lys Asp leu Phe Slu Giu Lys Ile lys ﬁ
ou1 280

E

E

AGT CCT TTA ACA ATT TGT TAC CCA GAA TAT CCA GGT TCA AKC ACA TAT GAA GAG GCC GCT

SCrPro!‘nmxucys?yrmmummGlys«rn\snmrmmuslns\la$

90l

BCA TAC ATT CAC TGT CAG TTT GAA GAT CTC AAT AAR AGA AAG GAT ACA AAR GAA ATA TAC

Ala Tyr Ile 8ln Cys Gln Phe Glu Asp Leu Asn Lys Arg Lys Asp Thr Lys Glu Ile ‘z;

961 238

ACG CAT TTT ACA TCT GCT ACG GAT ACC AAG AAT GTG CAG TTT GTG ITT GAT GCA GTA ACT

e His Phe Thr Cys Ala mtAspmrLysAmValc.m?he Val Phe Asp Ala Val Thr

1021

GAT OTC ATC ATA AAA AAT AAT CTG MMM GAC AT 66C CTT TTC TAA TACATEATTA

Asp Val Ile Ile Lys Asn Asn Leu Lys Asp Cys Gly Len Phe STOP
1078
TATATOATTC CATTTGACTT CACCOTGTTA TACCTIGATG GOTTTTTCOC TAACTTAAGA ITCYTGATGA
ACAGCGGACE AGTACYGTAC TTGCCAGTTT TATTAGCTTT ATTTATETIC ATCTCTTCTA AATTTTTAAA
ACTAACTGOT TOTAGGCCAC ARARAAACAA GGTATTTTCA TTCTATGTAT ACTGTAATTC TAGCAATGTY
ATTTCTACAG ACATTGAACA GAATATTTTA ATAGTATGAA TTGTCAAAAG GATCACCTTE TTTTCTAAAA
TECTCTTAGA CATTTTTAAT TTGCCTTTTY CAGTTATITA AAGAAACCAT GTACATTATC CCITIOTITA
CCTETTTATG CATGCATGCT GCCTTATTICT STGTTACCCC TTTTATIGCT AAGCTCGAAG ATAAATGACT
TOTTTTAAAT CTGGACATGT CTTACAGTTS CACAACACCS CAACTCAGCA TGTAACACAA AATCACTCAT
TGACCTCAGC AGTCACTGTG CATTTIIATT CTCTACGTAT TACTICTGCA TTGCCTTAAA GCTOGTOCCA
RAANTTAGOTT TTTTIATACA TTTTAMICT AACTSOTCAR TTATICTAAR TAGTGITTICA CTCOTCARTY
ATTGTARATA GTGTTTCCAG ATATATOGCC AGGATATTEC TGOTGTTGAA ATGGATICCT TTTGAATIOY
GTTPBTGECG TTCATTTCTT AAGATGACCC TCTCTATTCT TAAAAATATC ACACACAAGT GCAACATTTA
AGTCCAGCCT CCCCATTCAA ACOTPCCATS ACCTTTCTIT GIGCOTCTET AATGUTSTST AATIGCCTCA
CYGTCTACAA GCYTTTATCA TTCCTTTCCY TTAGACCTIT TATSTCTAAA CTTTAGCCCC
COTCTOTOAT ATGYAAMGTA TTCATTAAAC GAATACCATT GAAAGTATAG CAMTATAAA CCTCAATGCT
GACATTTATT TTAAGOCTCE CTAAGGAATC TGTTTAGAAA CAGTTCATTT ATTTTATATA CTTATTITTA
TCATTOTTAT TARATTCACT GTGAGTTGAC AGTTTGGITC ACTATTAAAA ACAGTTGICA TTICACARTT
TTAACATOTC ATAAGTAACT TTOTCTICTC CAACTCATCT ATAMATTAAC TGTACCTCTT GTAACGYCAT
TAGGGCTTTT YOTACTTCAC CCTAAGGAAY ACATTCATAC TGAATACGAA TTACTAAGGT CACCACYSTC
TAMATTCTTT GTGCCTTCAA TTATATTTTT TATITAATTI AAATTACTTC CGAAGATTAC CTGCTGTATA
CTCOTAATGA TATACTGGAT TGAATCOAAA TCAATTTOTC AATYTCACCA TATAAAAAGA GCACACATOY
TOGTAAATTT TACTGAAGGA TTCCTTGACT TTATCCTGTA AAACTGTGTT GCTAAAATAT CCTREYARR:
CTTACAATTT TTTCAGAAAR MMAMA‘A’;A

%

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

insert for Gei-1. Numbers indicate the position of nucleotides or

amino acid residues starting at the initiation codon. Sequences

enclosed in open boxes correspond to the poly(A) addition sequences.

Nucleotide sequence recognized by the common 27-base probe is
underlined [10].

proteins indicated a high degree of identity (87%) with
the human Geai-3 [151, so this protein was classified as
a Goi-3 oocyte protein. The sequence has a
3'-untranslated region of 1002 nucleotides, it contains
a poly(A) addition sequence at position 2010 followed
by a stretch of 38 adenosines.

3.4. Nucleotide sequence of a Gas-type cDNA
Fig. 4 shows the nucleotide and predicted amino acid

0
CRG GAG 6CT GCC GAG CGA AGT AAA ATC ATC Ga;'!‘
~ e @ = = e = = = Arg Glu Als Ala Glu Arg Ser Lys Met Ile Asp
81 a2 40
GG AAC CTT CGG GAA GAT GGG GAA AAG OCA TCC AAS GAG GTG ARA CT8 CTG CTA CTC COT
:23 Asn Leu Arg Glu Asp Gly Clu Lys Alx Ser Lys Clu Val Lys Leu Leu Leu Leu Giy
1 20
GCT GGT Ga0 TCT gﬁﬁ ARA AGC ACC ATT OTG AAG CAR ATG AAA ATT ATC CAT GAG GAT ggA
g? Gly Glu Ser Gly Lys Ser Thr Yle Val Lys Gln Met Lys Ile Ile His Glu Asp Sly
TAC TCC GAG GAA GAA TGC COG CAG TAC AAA OTG GTC GG TAC AGT AAC ACT ATT CAG -'%g;\
’;yr Ser Glu Glu Glu Cys Arg Gln Tyr Lys Val Val Val Tyr Ser Asn Thr Ile Cln Ser
I3 a0
ATC ATC GCT ATA ATC CGA GCC ATG GBA AGG CTA AGC ATT GAT TTT GGA GAT GT€ &CT Jigﬁ
Tle Ile Ala Ile Ile Arp Ala Met Gly Arg Leu Arg Ile Asp Phe Gly Asp Val Ala Arg
301 0 i
GCT GAT GAT CCT CBA CAG CTC TTT 616 TTG GCC AGT AGT GCT GAG GAG GBA OTT ATG TCT
Ala Asp Asp Ala Arg Oln Leu Phe Val Leu Ala Ser Ser Ala Glu Glu &ly Val Met Ser
361 30 1u2
CCA GAA CTT GCA GOT GTA ATT CAG AGGC CTG TGG GA& GAT TCT GBA GTT CAG GCC TGT TTC
Pro Glu Leu Ala Gly Val Tle GI® Arg Leu Trp Glu Asp Ser Gly Val Gln Ala Cys Phe
w21 150 182
AGC €8T TCC COT CAA TAC CAA £TT AAT GAC TCT GCT TCA TAC TAT CTG ART GAC ATT GAA
Ser Arg Ser Arg 6lu Tyr Gln Leu Asn Asp Ser Alas Ser Tyr Tyr Lev Ser Asp Iie &ip
481 A0 180
AGG ATT GCC CAR GCC AGC TAC ATT COT ACT CAG CAG GAT GTA CTT CGA ACG CGG GTC AAG
Arg Ile Ala Gln Gly Ser Tyr Ile Pro Thr Gln Gln Asp Val Leu Arg Thr Avg Val ys
Su1 piy 288
ACT ACA GGG ATT GTG GAG ACC CAT TTC ACT TTC ARAG GAC CTG TAT TTT AAA ATS TTT GAT
The The Gly Ile Val Glu Thr His Phe Thr Phe Lys Asp Leu Tyr Phe lLys Met Phe Asp
801 210 220
GTG G6T GOT CAC AGG TCA GAA AGG AAG AAA TGG ATC CAT TGT TTT GAG GGA GTT ACT QCA
Val Gly Gy Gln Arg Ser Glu Arg Lys Lys Trp Ile His Cvs Phe Glu €lv Val The Ala
861 240
ATC ATT TTT TGT GTC GCA CTC AGT GAT TAC GAC TTA CTO CTG GCT GAA GAT GAG GAG ATG
Ile Ile Phe Cys Val Ala Leu Ser Asp Tyr Asp Leu leu Leu Ala Glu Asp Slu Slu Met
721 250 260
AAT CGG ATG CAT GAA AGC ATG AAA TTG TTT GAT AGC ATC TGC AAC AAC AAG TGG TTC ATA
Asn Arg Met His Glu Ser Het Lys Leu Fhe Asp Ser Ile Cys Asn Asn Lys Trp Phe Ile
ey 2 282
BAC ACC TCA ATC ATC CTC TTC CTT AAC AAA AAG GAC CTG TTT GAA GRA AAG ATC TCC AGE
Asp Thr Ser Ile Ile Leu Phe Leu Asn Lys Lys Asp Leu Fhe Glu Glu Lys Ile Ser Arg
Bul 290 300
AGC CCC CTT ACT ATT TGC TAC CCA GAA TAT TCA B0G TOT AAC ACC TAT GAA GAA GOT GCA
Ser Pro Leu Thr Ile Cys Tyr Pro Glu Tyr Ser Cly Ser Asn Thr Tyr Glu Glu Ala Ala
901 30 jae
GCC TAC ATT CAG TCC CAG TTT GAG GAC TTG AAC COG AGG ARA GAC ACA AAC GAA ATA TAC
Als Tyr Ile Gln Cys Glp Phe Glu Asp Leu Asn Arg Arg Lys Asp Thr Lys Glu Ile Tyr
61 20 358
ACA CAT TTC ACA TGT GCC ACG GAT ACC AAG AAC GTT CAG TTT GTA TTT GAT GCA GTC ACA
The His Phe Thr Cys Ala Thr Asp Thr Lys Asn Val Gln Phe Val Phe Asp Ala Val Thr
1021
GAT GTC ATA ATT AAGC AGC AAT CTA ATG GAG TGT 6GC TTG TAT TAG TCCTCATGAT
Asp Val Ile Ile Lys Ser Asn Leu Met Glu Cys Gly Leu Tyr STOP
1076
GTTCCAGGGE AGACTGTATT GTCTCAGTTT GATTTCAGHA CCATTTGCTT SAGTAAAGAG GAATCCCTIGC
AGTGCAAGAT GTCCCTGTTT TAGTTITCAT TOGGAATCCT STCTTGCACA TCTAAGETGT CTGACCCTGA
GCTGTEAGCC CCATATTTTC TATGACATTA CCACTATCAG CACACCAAGC ATTTCTCCCA CCTTATGARA
TGGACTCTTT CTGAACCTTT GTAAATGCAG CATCAATCCT TTCCACCTGT ATTAGAATAT CAGCAAGAATC
COTATGATGA CATCTTTTGT TAGGACCCCT CTSTTTTTAA ABTAGGCCGE AGTCAGACTS TTICTTCTTC
TTTTCTCGTE GCCAGGATTT GTCCTTGAGC TATGCACTCC TCAGAGATCA CAGCACCCAT ATGAATACTG
GACTTTATAA CTETTTCTTS CACTCACCAT GATTACTTAA COTGUTTTGT GCCATTSTTT TATACTAAAA
CTTCTCCTTA AAACGGAGGA GCAACTTTCA TTCACKATAA GCCACGACTG GTTGGOEGCT GTTACATGAA
ATTCATTCTC TTGTTTACTA TYGTGCCTCA GCAGATATCT GCTCOTACTT TCCTOTCOTA AATTTGTITC
AGTCCTTTCC TOCTTCTTTC TCISTETATT ATTCTCTCAC TGGGCTGCTA TTTCAGCCAC CACTGTTAAS
AATAATAATA ATAATGCATC TCTATITTCT GOCCOBTTTS TGCAGTEESC ACTTCCTTCC TGCTCTGCAT
GOTTTCCTGT CTTETGCCAA ACTCCCATOT GATGETTTTT TTITTTTTAC TTTITAARTG TATTTTACAT
TCCTTAATGT GTGCACTGGC ACACATACAT TAATCAATAA TATTTITTCC CACTTGGCAT TCATTAATCA
TTCCTCGGCC ATCCATTCAA CAGTRATARA] ATGOTGAGAC ATGCAAANAS AAAAAACAAR AAAAAAARAL
ARARARRARA AA
2087

Fig. 3. Nucleotide and predicted amino acid sequence of the ¢cDNA

insert for Gai-3. Numbers indicate the position of nucleotides or

amino acid residues starting at the hypothetical initiation codon.

Sequence enclosed in an open box correspond to the poly(A) addition

sequence. Nucleotide sequence recognized by the common 27-base
probe is underlined {10}.

sequence for one of the Gas cDNA (clone 6A1). The se-
quence is 1321 nucleotides long and predicts an open
reading frame of 379 amin acid residues (M; 42720) and
the protein presents more similarity (90%) to the short
species of human Gas-1a [16]. At the nucleotide level,
the 5'-non-coding region contains 80 nucleotides and a
small 3'-non-coding region of 101 residues containing
a poly(A) addition sequence at position 1226 and a po-
ly(A) tail of 13 adenosines. Clone Gas 12B2 is very
similar to clone 6A1 at the nucleotide level, showing
only 42 differences which generate different restriction
sites (see EcoRlI site in Fig. 1) and 12 different amino
acid residues (Fig. 5).

29



Volume 268, number 1

-80
CGGCCGTCEG

CCTACTTGTT TGTTTGGCCT CCGCCTCCCG CGCTCTTTCC TGAGCGGCCC GCCCGCAGCC CACACGGACC
3 20
ATG GGG TGT CTG GGC AAC AGC AAG ACC GAG GAT CAG CGC AAC GAG GAG AAG GTG CAG CGG
Met Gly Cys Leu Gly Asn Ser Lys Thr Glu Asp Gln Arg Asn Glv Glv Lys Val Gln Arg
61 30 40
GAG ACC AAC AAG AAG ATC GAG AAG CAG CTG CAG AAG GAC AAG CAG GTG TAT AGG GCG ACG
Glu Thr Asn Lys Lys Ile Glu Lys Gln Leu Gln Lys Asp Lys Gln Val Tyr Arg Ala Thr
121 50 60
CAC AGG CTT CTG CTG CTC GGT GCT GGA GAG TCT AAA AGC TCA ATT GTG AAG CAG ATG
His Arg Leu Leu Leu Leu Gly Ala Gly Glu Ser Gly Lys Ser Ser Ile Val Lys Gln Met
181 70 80
CGG ATC CTG CAC GTG AAT GGA TTC AAT GCA GAG GAG AAG AAA ACC AAA CGTG CAA GAT ATA
Arg Ile Leu His Val Asn Gly Phe Asn Ala Glu Glu Lys Lys Thr Lys Val Gln Asp Ile
241 90 100
AAG AAT AAT ATT AAG GAA GCT ATA GAG ACA ATA GTT ACG GCA ATG GGC AAC CTC TCT CCC
Lys Asn Asn Ile Lys Glu Ala Ile Glu Thr Ile Val Thr Ala Met Gly Asn Leu Ser Pro
301 110 120
CCG GTG GAG CTA GTG AAT CCA GAA AAC CAG TTC CGA ATT GAC TAC ATC CTC AAC CTA CCC
Pro Val Glu Leu Val Asn Pro Glu Asn Gln Phe Arg Ile Asp Tyr Ile Leu Asn Leu Pro
361 130 140
AAT TAC AAA GAC TTT EXETTC TCA CCA GAG TIC TAT GAA CAC ACA AAA ACG CTC TGG CAG
Asn Tyr Lys Asp Phe Glu Phe Ser Pro Glu Phe Tyr Glu His Thr Lys Thr Leu Trp Gln
421 150 160
GAC GAG GGG GTG AGG GCG TGC TAC GAG CGA TCC AAC GAG TAC CAG CTG ATT GAC TGC GCA
Asp Glu Gly Val Arg Ala Cys Tyr Glu Arg Ser Asn Glu Tyr Gln Leu Ile Asp Cys Ala
ue1 170 180
CAG TAT TTT CTA GAC AAA ATT GAC ATT GTG AAA CAG AAC GAC TAC ACG CCT AGT GAT CAG
gln Tyr Phe Leu Asp Lys Ile Asp Ile Val Lys Gln Asn Asp Tyr Thr Pro Ser Asp Gln
41 190 200
GAC TTG CTG CGA TGC AGA GTT CTC ACG TCG GGA ATA TTC GAA ACC AAG TTT CAG GTG GAC
Asp Leu Leu Arg Cys Arg Val Leu Thr Ser Gly Ile Phe Glu Thr Lys Phe Gln Val Asp
601 210 220
AAA GTC AAT TTC CAC ATG TTC GAT GTT GGA GGC CAG CGA GAT GAG CGC AGG AAG TGG ATC
?6,' Val Asn Phe His Met Phe Asp Val Gly Gly Gln Arg Asp Glu Arg Arg Lys Trp Ile
1 230 2u0
CAGTGC’H‘TMCGATGTCACAGCI'ATAATCTTCG'HGTAGCCAGCAGCAGCTACMCATG
Gln Cys Phe Asn Asp Val Thr Ala Ile Ile Phe Val Val Ala Ser Ser Ser Tyr Asn Met
721 250 260
GTG ATC CGG GAG GAC AAT CAC ACC AAC AGA CTC CAG GAA GCA TTA AAC CTC TTC AAG AGT
:al Tle Arg Glu Asp Asn His Thr Asn Arg Leu Gln Glu Ala Leu Asn Leu Phe Lys Ser
81 270 280
ATC TGG AAC AAT AGG TGG CTA CGG ACC ATT TCA GTC ATT CTC TIC CTC AAT AAA CAA GAT
;:; Trp Asn Asn Arg Trp Leu Arg Thr Ile Ser Val Ile Leu Phe Leu Asn Lys Gln Asp
290 300
CTGCTCGC’I‘GAAMGG!‘TMTGCTGGGAMTCTMAATAGAGGACTACTI‘CCCTGAG'H’T
Leu Leu Ala Glu Lys Val Asn Ala Gly Lys Ser Lys Ile Glu Asp Tyr Phe Pro Glu Phe
90 . 310 320
GCCOGATACACCACCCCAGATGATGCAACICCAGMGTCGGCGAGGATCCTCGA(:‘!'CACA
;;:Arg'!‘erhrTherAspAcpAla‘n\rPmGluVulGlyGluAspProArgValThr
aso 3ug
AGGGCCAAGTAT’ITTATTAGAGATGAGTI‘TC’ITAGAA'I’CAGCACAGCCAGI‘GGGGACGGC
::giua Lys Tyr Phe Ile Arg Asp Glu Phe Leu Arg Ile Ser Thr Ala Ser Gly Asp Gly
asg 360
CGCCATTATTGCTACCCTCATTI'CACATG‘!’GCAGTGGATACAGMMCATCCGAAGGG'I'I‘
::ngis Tyr Cys Tyr Pro His Phe Thr célr; Ala Val Asp Thr Glu Asn Ile Arg Arg Val
TTT AAT GAT TGT CGC GAC ATT ATC CAA AGG ATG CAC CT6 CGC CAA TAT GAG CTG TTG TGA
:::1“" Asp Cys Arg Asp Ile Tle Gln Arg Met His Leu Arg Gln Tyr Glu Leu Leu STOP
TGGAGAGCAC TTTTTGTTTT TGGTTCCCCC COCCCCCCTC CTTGTETTCC GGACTACAAA TTC
AAAGAAAAAA ACCT A A CTCATTT
1241

Fig. 4. Nucleotide and predicted amino acid sequence of the cDNA

for Gas (clone 6A1). Numbers indicate the position of nucleotides or

amino acid residues starting at the initiation codon. Sequence

enclosed by the open box corresponds to the poly(A) addition

sequence. Nucleotide sequence recognized by the common 27-base

probe is underlined (10] and the EcoRlI site is indicated by a line over
the sequence GAATTC.

3.5. Comparison of the deduced amino acid sequences
of the Xenopus laevis oocyte Ga subunits

Fig. 5 shows the alignment of the predicted protein
sequences of each of the cDNA clones reported here.
The sequences share great similarity among themselves
and with their mammalian counterparts. The regions of
identity are enclosed in boxes. Also the figure shows the
sequences labelled A, C, E and G which are supposedly
involved in the binding of GTP.

4. DISCUSSION

The results presented in this communication and in
the previous publication [10] demonstrate that one
single cell type, the amphibian oocyte, contains at the
mRNA level at least 5 different types of « G-proteins.
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Since our search has not been exhaustive, it is quite
possible that there are more different o-subunits not yet
detected.

The analysis of the nucleotide and deduced amino
acid sequences allows us to classify the oocyte subunits
according to their analogy to the structure of mamma-
lian G-protein a-subunits. Thus it has been established
that two of the isolated clones correspond to as-type
subunits, and the other two clones correspond to ai-1
and «i-3 subunits.

The two as clones correspond to the ‘short’ version
of the mammalian as which arises through alternative
splicing and elimination of exon 3, present in the ‘long’
as [17]. Another variant found in mammals is that the
short version can be found with or without a serine in
position 72. The two oocyte clones are short versions
without this serine. This is to our knowledge the first
time that two different as coding genes have been
found in the same cell type and differ in other
characteristics than those mentioned above. Since the
5'- and 3’-non-coding regions of the two clones are
quite similar, it seems probable that they arose through
a rather recent gene duplication. The small number of
differences that account for 12 amino acid changes are
all scattered through the polypeptide and therefore can-
not be generated through alternative splicing. One of
the changes alters an EcoRlI site, a finding which may
be useful for future analysis of the function of these
proteins. One of the most interesting differences bet-
ween the two as clones is the conservative change of
serine-178 present in the 6A1 clone for threonine in the
clone 12B2. On the basis of the results obtained with
mutations done in rats, the region encompassing
residues 192—196 in long species of the as subunits has
been proposed to interact with the catalytic subunit of
adenylyl cyclase and any mutation in this region could
cause a change in its activity [18]. It is interesting to
note that in this highly conserved region, all the «-
subunits that are not stimulatory (non-as-type
subunits) contain a threonine in position 178 (short as
species) while all previously sequenced as subunits have
a serine in this position. The only other exception to
this latter generality is the short as-type found in rat
olfactory neurons which contains a threonine in posi-
tion 180 [19]. Interestingly, in the same tissue, olfactory
neuroepithelium, a different long as species from non-
neuronal origin was found by the same group and this
contained a serine in position 193 [20]. The presence of
these two types of as subunits in the oocyte suggests
that they may have different functions in this cell.

Several G-protein regions share considerable
similarity with the guanine nucleotide binding regions
of elongation factor Tu and p21™° [21]. Consistent with
this role, these regions (Fig. 5, labeled A, C, E and G)
are all highly conserved within the four oocyte G-
proteins. Other regions, as the one implicated in recep-
tor, GGy, and effector protein interaction {22] are not
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Fig. 5. Alignment of the amino acid sequences of the oocyte Ga subunits., Amino acid sequences are presented by the standard one-letter

abbreviation code. The oocytes Gas, Gai-1, Gai-3 and the already published Gao {10} are shown. Amino acid regions that are identical are

enclosed by open boxes. The arrows indicate the arginine and cysteine residues that are ADP-ribosylated by Cholera and Pertussis toxins,

respectively. The 12 amino acid differences between clones 12B2 and 6A1 of Gas are enclosed by circles. The amino acid regions that participate

in the binding of GTP are overlined. The residues marked by asterisks correspond to the Gas region proposed to be important for the adenylyl
cyclase activation [18].

as conserved as the guanine nucleotide binding regions,
reflecting their role in the independent modulation of
different signal transduction pathways.

The proteins encoded by Gai-1 and Gai-3 cDNAs are
potential substrates for pertussis toxin (PTX)-catalyzed
ADP-ribosylation because they have a cysteine residue
at the appropriate site near the carboxyl-terminus. Also
the two Gas clones contain the arginine that is modified
by cholera toxin (Fig. 5, arrowheads).

Currently, we are expressing these proteins in E. coli
and in an in vitro system in order to study some of their
G-protein properties and functions.

REFERENCES

[1] Birnbaumer, L., Codina, J., Mattera, R., Yatani, A., Scherer,
N., Jose-Toro, M. and Brown, A. (1987) Kidney International
32, S14-837.

[2) Suki, W., Abramowitz, J., Mattera, R., Codina, J. and
Birnbaumer, L. (1987) FEBS Lett. 220, 187-192.

[3] Matsuoka, M., Itoh, H., Kozara, T. and Kaziro, Y. (1988)
Proc. Natl. Acad. Sci. USA 85, 5384--5388.

[4] Strathmann, M., Wilkie, T. and Simon, M. (1989) Proc. Natl.
Acad. Sci. USA 86, 7407-7409.

[5] Gilman, A. (1989) J. Am. Med. Assoc. 262, 1819—1825.

[6] Kobilka, B., MacGregor, C., Daniel, C., Kobilka, T., Caron,
M. and Lefkowiz, R. (1987) J. Biol. Chem. 262, 15796—15802.

{7} Snutch, T. (1988) Trends Neurol. Sci. 11, 250~256.

[8] Kline, D., Simoncini, L., Mandel, G., Maue, R., Kado, R. and
Jaffe, L. (1988) Science 241, 464-467.

[9] Moriarty, T., Sealfon, S., Carty, D., Roberts, J., Iyengar, R.
and Landau, E. (1989) J. Biol. Chem. 264, 13524—13530.

[10] Olate, J., Jorquera, H., Purcell, P., Codina, J., Birnbaumer,
L. and Allende, J. (1989) FEBS Lett. 244, 188-192.

{i1] Rabagliati, M., Weeks, D., Harvey, R. and Melton, D. {1985)
Cell 42, 769-777.

[12] Abramowitz, J., Mattera, R., Liao, C., Olate, J., Perez-Ripoli,
E., Birnbaumer, L. and Codina, J. {1988) J. Rec. Res. 8,
561-588.

{131 Sanger, F., Nicklen, S. and Coulson, A. {1977) Proc. Natl.
Acad. Sci. USA 74, 5463-5467.

[14] Bray, P., Carter, A., Guo, V., Puckett, C., Karn Holz, 1.,
Spiegel, A. and Niremberg, M. (1987) Proc. Natl. Acad. Sci.
USA 84, 5115-5119.

[15] Codina, J., Olate, J., Abramowitz, J., Mattere, R., Cook, R.
and Birnbaumer, L. (1988) J. Biol. Chem. 263, 6§746—6750.

[16] Mattera, R., Codina, 1., Crozat, A., Kidd, V., Woo, S. and
Birnbaumer, L. (1986) FEBS Lett. 206, 36-42.

[17] Kozara, T., Itoh, H., Tsukamoto, T. and Kaziro, Y. (1988)
Proc. Natl. Acad. Sci. USA 85, 2081-2085.

[18] McCormick, F. (1989) Nature 340, 678~679,

[19] Jones, D. and Reed, R. (1989) Science 244, 790--795.

[20] Jones, D. and Reed, R. (1987) J. Biol. Chem. 262,
1424114249,

31



