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The complete cDNA encoding the f-subunit of the human liver signal transducing proteins Gy/G; (f) has
been cloned from a Agdl library using an oligonucleotide as o screening agent. The cDNA has 3088 nucleo-
tides and an 11 nucleotide poly{A) tail, of which 280 nucleotides constitute the 5-untranslated region, 1023
form the open reading frame (QRY) and its stop codon, and 1785 are the Y-untranslated region with two
AATAAA cleavage and polyadenylation signals separated by 1467 nucleotides. The ORF codes for a 340
amino acid polvpeptide that is identical to that encoded by bovine retinal rod cell eDNA cf the g-subunit
ol transducin. Yet, it does so by using 87 different codons. Curiously, the 280 nucleotide 5 leader sequence
obtained starts with an ATG that 1s part of another ORF encoding a putative peptide X of 75 amino acids
(nucleotide 2¥0 10 55). This work proves for the first time that the f-subunits of all signal-transducing
G-proteins, including transducin, are the same.

(s-protein f8-Subunit Signal transduction

I. INTRODUCTION

G-proteins (also N-proteins) are a family of
membrane GTPases responsible for the transduc-
tion of hormone or neurotransmitter recepltor oc-
cupancy, which occurs on the outer surface of
cells, into altered activity of an effector system, the
active site of which is located on the inner surface
of the plasma membrane of cells (reviews [1-3]).
Of the seven or eight such G-proteins that current-
ly can be defined, four have been purified to better
than 90% purity: G,, the stimulatory regulatory
component of adenyly! cyclase {4-6]; G, the in-
hibitory regulatory component of adenylyl cyclase
[7,8]; G {also T or transducin), the mediator be-
tween photoactivation of rhodopsin and stimula-
tion of ¢GMP-specific phosphodiesterase in outer
scgments of retinal rod cells [9-11}; and the so-
called G, a pertussis toxin substrate of neural
origin able to interact with brain muscarinic recep-
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tors, but having an as yet undefined effector
[12,13]. All these proteins share a common subunit
organization, being formed of «-, & and -
subunits [4,6,14] and react to the presence of Mg**
and a non-hydrolyzable GTP analog (such as
GTPyS or GMP-P(NH)P) by binding the
nucleotide to their a-subunits and undergoing a
subunit dissociation reaction, with products o©
and the complex of &y [15-17]. Although func-
tional, as well as structural, characterizations of
the different G-proteins mentioned above reveal
that each protein differs from the other by the type
of a-subunit they have {e.g. ay(, asz2, a1, a1, o) the
situation is not as clear when their #y complexes
are considered. Thus, functional assays involving
stimulation of GTPase activity of a by rhodopsin
[18] and inhibition of reconstituted G,C complexes
in phospholipid vesicles [19,20] show apparent
complete interchangeability between @y of Gy vs Gs
vs Gi or G, and suggest these complexes to be very
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similar if not identical. Yet, &y complexes from
retinal rod outer segments, where they comprise
close to 1% of the protein mass, are water-soluble
[9,21,22], while those derived from any other
tissue, in which they exist in 10-100-fold iower
abundance, are not [17,23] and require detergents
to remain in solution. This difference in behavior
may be due to differences in either one or both of
the two subunits that constitute the £y complex,

Recently, Sugimoto et al. [24] and Hurley et al.
[25] determined by molecular cloning the complete
amino acid sequence of the #-subunit of bovine
transducin {#7). This subunit, which migrates on
SDS-PAGE as a polypeptide with apparent M,
35000-36000, has 340 amino acids and a
calculated M, of 37375. Northern analyses of
poly(A)" RNA from retina, brain and liver using
Bt cDNA fragments as hybridization probes
revealed the existence of both retina- and
liver/brain-specific RNA species [24,25]. Thus two
bands of hybridization-positive RNA  were
detected in each tissue, but they differed between
retina and brain/liver in size as well as composition
in their 5’ leader sequences.

The present work was initiated to determine the
primary amino acid composition of liver Gg-
subunit, and what the difference, if any, might be
between it and &y. Molecular cloning and sequenc-
ing of a full length ¢cDNA c¢lone of 3099 nucieotides
revealed it to be quite different from the cDNA en-
coding &t in both its 53 leader sequence and in its
3’ -untranslated region. Yet the deduced amino
acid sequence encoded by the open reading frame
of the human liver cDNA is identical to that encod-
ed by the bovine &1 ¢DNA. This proves that §-
subunits of all G-proteins are the same and func-
tional differences of &y complexes must reside in
the structure of differing a-subunits.

2, MATERIALS AND METHOQDS

A cDNA library, constructed as in [26,27] in the
cloning vector Agtll, was made using poly(A)RNA
[28,29] from a human liver [30]. 100000 recombi-
nant phages of this library were screened at a den-
sity of 20000-25000 phages per 150 mm petri
dish, using a replicate plaque amplification tech-
nique [31}, for the presence of nucleotide
sequences complementary to the synthetic 27-meric
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aligodeoxynucleotide (kindly prepared for us by
Vega, Tucson, AZ):

5"-AGAGCTGGTAACAATCIGATTGTCATC-3'

(oligonucleotide V)

which is part of the antisense strand of the coding
sequence ol bovine £y (amino acids 153—-161) [24].
To this end filters were prehybridized in 6 x 55C,
5 x Denhardt’s solution, 300 mM sodium
phosphate, pH 6.8, 0.1% SDS and 0.1 mg/ml
sheared herring sperm DNA [32], for 3 h at 32°C,
and then hybridized overnight at 32°C with the
same solution plus 0.1 x 10° cpm/ml  of
oligonucleotide V  phosphorylated with Ty
polynucleotide kinase using [a-"*P]JATP  of
4500 Ci/mmol. The filters were then washed ex-
tensively at 32°C with 6 x SSC, dried and sub-
jected to autoradiography for 17h at —70°C in
the presence of two Dupont Cronex Lighting Plus
eniancing screens using Kodak X-Omat AR X-ray -
films.

Phages giving duplicate signals in the replicate
screening procedure were plague purified [32].
Their inserts were excised with EcoRI, isolated by
electrophoresis in 1% low melting point agarose
and subcloned into M13 mplR for sequencing as in
[33] using the buffer system of [34]. Southern blots
[35], using oligonucleotide V, as well as two other
oligonucleotides, as probes, were done onto
nitroceilulose sheets prehybridizing for 4 h at 37°C
and hybridizing overnight at 37°C as in [36]. Prior
to autoradiography, the sheets were extensively
washed with 6 x SSC [36] at 4°C.,

3. RESULTS AND DISCUSSION

Primary screening of the Agtll human liver
cDNA library with oligonucleotide V led to the
identification of 63 possible candidates. Of these,
one gave a significantly stronger signal on secon-
dary screening and was plaque purified. It con-
tained an insert of approx. 3000 nucleotides (Ab1)
which could be excised with EcoR1 from the
recombinant phage as a single fragment. Insert Abl
was transferred onto nitrocellulose and tested for
hybridization to three probes. One was the screen-
ing probe, i.e. **P-labeled oligonucleotide V
(probe A). The sccond, probe B, tested for the
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presence of sequences coding for a portion closer
to the carboxy-terminus of a putative S polypep-
tide and the third, probe C, tested for the presence
of sequcnces coding for the amino end of a
putative #g polypeptide. Specifically, probe B was
the 17-mer 5’ -ATG GGA GTA GGT CAT GA-Y'
which is complementary to nucleotides 792808
(spanning amino acids 261-266) of the sense
strand of the same cDNA. Probe C was the 17-mer
57 TA ACT GGT CAA GTT CAC T-3' which is
complementary to nucleotides 3—19 (spanning
aming acids 1-7) of the sense strand of bovine &
¢DNA. As shown in fig.1, the single insert Abl was
hybridization-positive with all three nucleotides,
strongly suggesting that a full-length ¢cDNA had
been isolated. Akl was subcloned into M13 mpl8

A. Bovine prcDNA
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and scquenced. Fig.2 presents the complete
nucleotide sequence of Abl and the deduced amino
acid sequence of the long open reading frame
{ORE) spanning from what is numbered as
nucleotide 1 to 1020. The amino acid composition
of the polypeptide encoded by this open reading
frame corresponds exactly to that of the ¢cDNA
published for gt {24,25].

The first nucleotides (—280 to —278) of the
5'-untranslated leader sequence present in this
¢DNA are ATG and a potential translation initia-
tion codon. As shown in fig.3, this ATG is part of
another ORF (ORF of peptide X) extending from
—280 to - 54, followed by codon TGA. This is
then followed by two additional TGAs in the same
reading frame. The ORF of this putative peptide X

(Sugimoto et. al. (1985) FEBS Letters 191, 235-240)

-14{0 ;1 5'OO 10100 15100 20100 25?0 217 14 nt
1 100 200 300340a.a.
— - An
g s J
Cc A B Synthetic Qligonucleotide Probes
B. Human fa CDNA Insert Ogt11}
Probe A Probe B Probe C
DNA
‘ 2 b-1
) # v —Xat-11
6.56 9.42—
: - ' ~— }b-1
. ® 3000 nt
ﬁG cDNA
end _ ‘
of gel™ _"roomi  —~ EcoRt - EcoRl - EcoRl

Fig.1. (A} Scheme of 51 ¢cDNA cloned by Sugimoto et al. [25] and location of nucleotide sequences on the basis ot which

synthetic oligonucleotide probes were made lor screening (probe A) and confirmation (probes B,C) of identity of a

putative cDNA for human liver . (B} Ethidium bromide stain of DNA of plaque purified recombinant lambda with

putative insert (Abi) coding for d¢ without and after digestion with EcoRI, and Southern blots {35] of the digests after
transfer onto nitrocellulose hybridized sequentially with ¥P-labeled probe A, B and C.
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5 e TGOS ARG TORS GAGC R ECCERGASTE ARG R COGRCGACTRGACCEARCE TR CHiE e rCAcT
~200 GCCCGOAGCBLCCOC6RACEE AL AL CRAGCHLEAGACC TR CGAGCGACO6L CEARGATGET T CERACETC ABGC LT FAGARG.E
~100 CTGAGACARATT TACATGTATTGEAGACCARACC AGAAGCCC T TC TGAATTARGATC TCACATTC TTGAAGRTEGCAT TOAAGAGLAT TAACAT CERANG -

10 20 . 300
ATé AGT GAG CTT GAC CAG TTA (GG CAG GAG O0C GAG CAA CTT AAG AAC CAG ATL CGA GAL GCC AGG Afd GLA TGT GOA GAT BCA ACT CTC 4]
MET Ser GLu Leu Ase GLN LEu ARG GUn GLu Aua Gl Guw Leu Lys Asw G TLE ARG ASP Aua Ars Lvs Ata Cvs Aa fss foa Tiue Leu

40 50 ) 40
TCT CAG ATC ACA RAC AAC ATC GAC CCA GTG GGA AGA ATC CAA ATG CGC ACG AGG AGG ACA CTG (6B GGG CAT CT6 GUC AAG ATT TAD 6CC 180

Ser GLN ILE TWR Asw Asn ILe Ase PRo VaL BLY Arc 1L GLn MET Ars THR ARG ARG THR Ltu Are GLy HIs Len ALa Lvs ILE TvR ALa
70 a0 R w
ATG CAC 166 GHC ACA GAC TCC AGE CTT CT( GTC AGT GCC TCG CAG GAT GGT AAA CTT ATC ATC T66 GAC AGC TAC ACC ATC AAC AAG 610 27D
MeT His Tre GLy THR Asp SEr Ars Leu Lew VAL SEr ALa Ser 6UN Asp GLY Lys Leu [Le ILe Trp Ase Str Tvr THr Ter Ask Lvs VAL
100 11 12
A A TCC 166 6TC ATG ACC TGT GCA TAT GCC CCT TCT 6GG AAC TAL 6TG GCC TG0 GGI GGC CTG CAT AAC ATT 360
Ehgs' EE& IE (l;gg ﬂg %ﬁg S(éR EEE:% Tap VaL ME:’ TH% F:J;' AL% Tyr fiLa Pro SER IJIL'( Asw Tvm VaL Ava (vs én_v by ’..ELJi Asp Asn ILE :
140 150
TEC TCC ATT TAL AAT CTG ABA ACT LGP é.;tg GGG AAC GTE CGL GTG AGT CGT GAG CTG GCA GGA CAC ACA GGT TAC CTG TCC TARC Iot CoA 48D
Cvs Ser ILe Tyr Asn Leu Lvs Thr ARG GLU GLY Asn Yar Ars VAL Ser ARG 6N Leu Aua GLy His THr GLy Tvr Lew Ser Cvs (vs Arg

0 170 180

TTC CTG GAT GAC AAT CAG ATC GYC ACC %\l@{ TCT GGA GAC ACC ACG T6T GCC CTG T66 GAC-ATL GAG ACL GGL CAG CAG ACG ACC ACG TTT 540
PHE LEu Asp Ask Ash BN ILE VaL THr Ser SER 6Ly Asp TR THr C¥s Ata Leu Tre Ase JLe Gum Tww Gy GUn GLN Thr THR Tom PHE
200 210

ACC GGA CAC ACT GGA GAT GTC ATG AGC %?f TET CTT GCT CCT GAC ACC AGA CTG TTC GTC TCT GGT &7 THT AL GCT TCA GCC ARA TTC  R30
Thr Gy His Tur Guy Asp VAL MET Ser Leu Ser Leu AL Pro Ase THr ARs LEU PuE VAL Ser HLY Aua Cvs Ase ALa Ser Ma Lys Leu
220 230 o240

166 GAL 676 CGA GAM GGL ATG TGL CGG CAG ACT TTC ACT GGC CAC GAS TCT GAC ATC AAT GCC ATA TGC TTC TTT CCA AAT GOC ART ECA 720
Tre Ase VAL Are GLU GLy MeT Cvs ARG GLn THR Pue THR 6Ly His GLu Ser Ase ILE AsN ALa [LE Cvs PHE PHE Pro Asn GLy Asy ALa
250 260 270

TTT GCC ACT GGC TCA BAC GAC GCT ACC TGC AGG CTG TTT GAC CHL CBT GCT GAC CAG GAG CTC ATG ACT TAC TCC CAT GAC AAC ATC ATC  RlD
PHE ALA THR 6LY SER Asp Asp ALa Tur Cvs Ars Leu Pre Ase [cU ARs AUa Ase GLm GLU Leu MET THR Tvm SEr His Ase Asn [Le lLc

280 290 300
16C GGG ATC ACC TCT 6IC TCC TTC TCC ARG AGC GGG CGC CTC CTC CTT GET GGG TAC GAC GAC TTC AAC TGC AAC GIC TGG GAL GCA T2 con
Cvs 6uy Tie Thr Ser VAL SER P SEr Lvs Ser 6Ly Ars Leu Lev Leu Aua GLY Trr Asp Ase PHE Asw Cvs Asw YaL Tre AsP ALA LEu

310 320 330
ARA GCC GAC CGG GLA BOL GTC TT6 GCT GGG CAT GAC AAC CGL GTC AGC T6C (TG GBL GT6 ACT GAL GAT GGC ATG H(T BTG KCG ACA GGG 930
Lys Aca Ase Are ALa 6Ly Vau Leu ALa Ly His Ase Asn Ara Var Ser (vs Leu GLY VAL THR ASP Asp GLY MeT ALa VaL ALa THR GLY

JEC 165 GAT AGC TIC CTC AAG ATC T0G i I COOCAGTAGCATGTGGAT BCCATGRAGAC TGBARGACCATTCCAACTTHRACECATTACCATEAG 1090

eR Tre Asp SERr PHE LEu Lys ILE Tre Asn Stop
CCAACCETACTAACGTGACAACCC TACACL TCCCCTCAGAACT ICARAACGGCARGATC TTTTTTCC) TCACTTATTRCTCATATCC TATRARACCARGA 1190
GCACAATTCOCATT GAGAGAAAGATCTCT TCL TGTARAL TARAACAAA T6T BCATTCCTTCCOBGGCCATCETCTTTETTITCTTTITTAICTToMAT 1200
GANTTTTAARAG EARATATAT AT ARAAA T GTTAACCAGAAGGTASACTT GAGT GTARTTGTC AGAC AGACACACTT T TCCACCAGTGIATTTGAATTTT 1390
AGACCART BACCCTGTTTTGTGRCATTCAT GLAMACATOLTGAGHGC TTTGTTCATC TR TCATCGT TCCARAITTCAGTCATGTTTETAGC ARGATT 1490
TTGGAAGCATTCATATTICCT ITTTARA TG TATTCC TTTGT6TTCARCAGTT AATCARAACC AGAGAGTC TAGB LA CTCTCTGATETTG TCARTGA 1590
TGTARRTTCAGTCOT TG TTTT TAAT TTTCTETCTGATA TCACAGA TCATTETTBC ACACAMAC G TRCATAGAAMAGACATE TTC ACARGECATG06E 1690
CCAMGCACART GCOOGGACEETC TC ARAATGL BT CA TCAGAGARTCCTTCACCTTAT G TCAMAGTGACC TCAGATCCACCTCCAIGTICC T TOAE 1790
CCATCCTGTCTATC TTCTCAGTTGAGT T T TARTCTCAC TTTGGGTTICCT TG TGAAGT TOAGGGAGTT TATARTAGCIARCACTACCCCACCCCCA 1890
AT A GAGGAACCTC TG TTTCARGAGAGATBCCTE TCC T6T BCTTGRATARTCAGTCAATTATT TG GTATGAMCARTGTACARATCAATG TTTTERE 199D
RATANTGATCTCAGAC 11 TC TARG TTAMAG T TTANMAT TY TGATTGTTT BCCATATT CO6TRGTTTACTC TTAGARTCECATG TETAGRARTECT 2000
CAAANGTGCATA TGGGAC TCAGTCCYTAGGT GTTC TTTT TC TTTTANGAAATAACCTCT TACAGTTCTARCCATTGCGGTC TGTCCACT TEICETTECT 2100
G TCTETOGCACATATC ARG AGTACAGL G GLGRC TC TACAC B TTEGGTAGCOGGATAAGTCACTETTTTC I TTATTTC T TTAVAAMARARAE 7290
TTCT6T TG AACGACT B TGTTGEAT TC T BAGGGT6AG6AGR6ABAGAAGEEAGGGAGAGOGAGT CAAGABCCTECCE TCCTATAGTERATTETTCAC 2300
GGECCCTCCACATCTGAGETGR: TCATTCCCATCACACACABAT TBICC TG6TGTTCAT ARG KCCARTT G TCAGC ARC ARCE TT TERAMBLAGETT 2400
CTGTGGGACCOCCBLOCCROCCOCOGLAL TCCT TCAT AR AGCAGTAGTGACTTC TCC ATEC TG TTTICTGEAACATTCTATAC AAMCTETECTETGR 2590
CCTTCGBTARGOC TERATE TEGCAMAGAGANTACAAST BACCOX TTCTTTCTCTTTE COTCC ARCARCTCTGTAGARL TCTCTECACTCTTACCCCT 2690
TTCCACCTTT TGTATTTAATTT TAAGICAGT GTAC TCAG ARG TOGATGCARGAT ACATAL TATATARAC TETACTTTATTTARGAT S TTRATRR. 2730
FGCAGTTTGACATEAGEG-A) |
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Fig.2. Nucleotide sequence and deduced amino acid composition of human liver Z-subunil of G./G; (8). The CG

content of the §° leader sequence, the long open reading frame and the 3’ -untranslated region is 58, 56 and 42%,

respectively. Two AATAA cleavage and polyadenylation signals [37] are highlighted. The 87 bases in fg that differ from
those ot the retinal rod cell @y ¢cDINA are underscored.

and that of #¢ are not in frame, and the d¢ ORF
is preceded in frame by two TAA stop codons 9
and 48 nucleotides upstream of the ATG Fg initia-
tion codon, In a recent survey of 211 5 leader se-
guences of eukaryoric messages [37], only 10 were
found to have one or more upstream ATGs, only
7 were longer than 200 nucleotides and only 1 was
both longer than 200 nucleotides and had one or
more upstream ATGs. 75% of the leader se-
quences were between 20 and 80 nucleotides long.
Upstream ORFs ranged from 3 (ATG followed by
a stop codon) to a maximum of 75 nucleotides, en-
coding for a possible polypeptide of 25 amino
acids. In this context, the leader sequence of the
human liver &g mRNA is rather out of the com-
mon both in nucleotide length (280 nucleotides)
and in the length of the upstream open rcading
frame it prescats (encoding for 75 amino acids). To
our knowledge, there are no reports of
polycystronic messages in higher eukaryotes. Yet,

Purarive Peprioe X (N 5* UNTRanskATED Reglot of [ cDNA
B I
ATG GAC GGC GAG T66 GAA GG GGG TCG GGA GTG HAG CAG CC6 CCG
PET GLY GLy GLu Tre Gy Ata Guy Pro Guy Var Geu Gun Pro Pro

20 20
66 €66 ACT GGA CC6 AGC £TC GCC GGE GCG CAC CT6 CCC GCA GCG
Arg ARG THR 6Ly Pro Ser Leu ALa Guy ALa His Leu Pro ALa ALa

40
CCC GCG GAC BCH CAG CBC GOC CCE AGC GCG ACG ACC TGC CoA GCG
Pro ALa Ase AAL GLN Aré GLY Pro SER ALA SER THR Cvs Are BLa

50 50
BC6 GCC GAG 606 GEG GT6 T6G GG COT CAG GCC GCG ACG AGG GCG
Aa ALa Gu ALa ALA VaL Tre ALa ARG GLn ALa ALa THR Arc ALa

70 75
£TG AGA CAA ATT TAC ATG TAT TGG AGA CCA GAC CAG AAG CCC TTC
Leu Are Gun Ite Tvr Mer Tyr Tre Ars Pro Asp GLN Lvs Pro Pre

-1
TGA ATTAA GATCTCACATTCTIGA AGETGGUATIGA AGAGCACTAA GATCGGAAG

Stop StoP TOP TOP Stop

ORF  ORF oF ?G ORF ORF URF oF (3(;
oF oF of

PepTIDE X PepTiDE X PErTiDE X

Fig.3. Deduced amino acid sequence of the putative

peptide X that is coded lor by scquences - 280 to — 33

of fig.2, and location of all stop codons present in the

—~280 to -1 leader sequence of fg. ORF, open reading
frame.

the relatively long ORF present in the — 280 long
leader sequence of F¢ opens the possibility that it
may be translated. We are now raising antibodies
to fragments of the putative peptide X to test this
hypothesis. We are also attempting to determine
the total length of the mRINA species that gave rise
to the cDINA reported here.

Structural aspects of G-subunits of different G-
proteins have been compared previously by various
indirect means, including total amino acid com-
position, mono- and two-dimensional peptide
mapping and immunoreactivity. All these studies
suggested them to be very similar, if not identical,
and that functional interchangeability among 4,
complexes of different G-proteins is a reflection of
the similarity between their S-subunits. The pre-
sent work supports this concept by proving that G,
and G; have F-subunits that are identical to that of
transducin.
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