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A novel GTP binding protein (G protein) & subumt cDNA was 1solated from a T cell lcukemra cell ine, Jurkat, utilizing polymerase chain reaction

(PCR) The predicted amino acid sequence of this G protein a subunit showed the highest 1dentity (96 6%) to bovine cone cell-specific transducin

(Tc) The organization of the coding 1egion of this G protein @ subunit gene was composcd of 8 exons and 7 introns Northern hybridization

revealed the presence of this G protein message 1n a retinoblastoma cell hine, Y79 In Jurkat, however, the message was detectable only by reverse
transcription/PCR  Taken together, this novel G protem a subumt must be human T¢

GTP binding protein, Polymerase chan reaction, Genomic organization, Human T ccll leukenia cell line

1. INTRODUCTION

Heterotrimeiic GTP binding proteins (G proteins)
play important roles in trans-signaling systems of
eukaryotic cells [1] G proteins are composed of o, f and
7 subunits and their functional specificities as signal
transducers reside m the a subunits [1,2], while the Sy
complex directly activates various downstream effectors
[3-5] To date, 11 different kinds of o subunits of G
proteins in mammals (G,, G, Gy, G2y Giav G, Gy, G,
G,,, T, and T ) have been reported for their complete
amino acid sequences and some morc on partial se-
quences [2,6-9]

T cell receptor (TCR)-mediated lymphocyte activa-
tion also imphcated G protein(s) in phosphatidylino-
sitol bisphosphate hydrolysis and such G protein(s) ap-
pears to be different from G, although 1t 1s cholera toxin
senstittve [10]

To clarify the TCR specific G protein(s), portions of
c¢DNA of G protein a subunits were amplificd fiom
mRNA of a human T cell leukemua cell line, Jurkat, by
polymerase chain reaction (PCR) During the course of
the experiment, a novel human G protein & subumt
which showed extremely high homology to bovine cone
cell transducin & subumt (T.a) {11] was cloned This G
protein must be a counterpart of bovine T, and termed
then as human T, Genomic clones contamning human
T.a were also 1solated. Here we report the predicted
amino acid scquence and the genomic orgamzation of
human T a
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2 MATERIALS AND METHODS

21 Matenals

Jurkat cells were cultured 1n the medium of RPMI 1640 with 10%
fetal calf serum Olgonucleotides were synthesized on an Applied
Biosystems 380B DNA synthesizer Taq DNA polymerase was
purchased from Promega ¢DNA was synthesized using the kits of
Boehringer Mannheim and/or Gibco/BRL. T4 DNA hgase and
Klenow fragment were obtained from TaKaRa T7 sequenasc was
obtained from USB [“P]-dCTP (111 TBg/mmol) was purchased from
NEN

22 Oligonucleotudes for PCR (see Fig 1)

GMO1 5SGAATTCGGNAARWSNACNATHGTNAARCAR-
ATY, GMO2 5'GAGCTCTYNBHNCKYTGNCCNCCNACRT-
CRAA3, TMOI1 SYGGTCGACCATGGGNWSNGGNGCY, TSO1
5'CCAGGTTGTTGAGCTGTCGCY, TSO2 5GGGATCCAGAG-
TCAAAACCACAGGCATY, TMO2, 5GGTCGACTARAANAR-
NCCRCARTCYTT3, TSO3 S5STCAAGGCTATCATCTATGG-
A%, TSO4 S’CATCCTGAAATTCAAGTCTT3 where W=A/T,
R=A/G,$=C/G, Y=C/T. K=G/T, H=A/C/T, B=C/G/T, N=A/C/G/T

Primers GMOI1 and GMO2 correspond to the conserved sequences
among the o subumts of various G proteins of GKSTIVKQM and
FDVGGQ R(S/D)E, respectively, and TMO1 and TMO?2 correspond
to the sequences of MGSGA (bovine T.a ammno dcids 1 to 5) and
KDCGLF (bovine T 0 amino acids 349 to 354), respectively Primers
TSOL. TSO2, TSO3, and TSO4 dare specific ohgonuclcotides to human

Ta

2 3 Isolation and sequencing of cDNAs of human G protems

Total RNA was extrdcted fiom Jurkat cells [12] and poly(A)* RNA
wds preparcd by oligo(dT) column chromatography (13} Onc ug of
poly(A)" RNA was reverse-transcribed using oligo(dT); as a primer
daccording to the manufdacturer's conditions PCR between primers
GMO! and GMO2 was petformed using the resultant single-stranded
«DNAS a5 templates under the condiion of 94C 1 § min, 52C 1 5min,
72C 3 min Following the amphfication of 30 cycles, the PCR products
were reamplified in the sume conditions The final PCR products were
¢clectrophoresed on a 2 5% agatose gel and 03-0 6 kb DNAs were
1soldted by use of DESI papers and digested with Suel and EcoRI1
Then the DNAs were subcloned in pUCIS plasmid and double-
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ATGGGAAGTGGAGCCAGTGCTGAGGACAAAGAALTGGCCAAGAGGTCCAAGCAGCTAGAA
HetGlySerGlyAlaSrrAlaGluAspLysGluLeuAlaLlysArgSerlysGluLe :Glu

c

T

v
6) AAGAAGCTGCAGGAGGATGCTGATAAGCAAGCCAAGACTGTCAAGCTGCTACTGCTGGGT
21 LysbLysLeuClnGluAspAlahsplysGluAlalysTheVallysLeuleuleuLeuGly

v
121 GCTGGGGAGTCAGGAAAGAGCACCATCGTCAAACAGATGAAGATCATTCACCAGGATGGC
41 AlaGlyGluSerGlyLysSerThrIleVallysGlaMetLysllelleHiSGlnAspGly
F]

g
18) TATTCACCAGAAGAATGCCTGGAGTTCARGGCTATCATCTATGGAAATGTGCTGCASTCC
61l TyrSerProGluGluCysLeuGluPhelysAlallelleTyrGlyAsnValleuGlnSer

24) ATCCTGGCTATCATCCGGGCCATCACCACACTGGGCATCGATTATGCTGAACCAAGCTGT
8) IleLeuAlaIlelleApgAlaMetThrThrLeuGlyIleAspTyrAlaGluProSercCys

v g
301 GCGGATCACGGGTGACACCTCRACAACCLGGCTGACTCCATTGAGGAGGGAACCATCCCT
101 AlarspAspGlyirgGlnLeuAsnAsnLeuAlahspSerIleGluGluGlyThrMetPro

36) CCTGAGCTCGTGGAGGTCATTAGCGAGGTTCTGCAAGGATGGTGEGGTGCAAGCCTGCTTC
121 ProGluleuvalGluVallleArgArgLeuTrpLysAspGlyGlyValGlnAlaCysPhe

A4
421 GAGAGAGCTGCAGRATACCAGCTTAATGACTCCGCATCTTACTACCTGAACCAATTAGAA
141 GluArgAlaAlaGluTyrGlnLeuAsnAspSerAlaSerTyrTyrLeuAsnGlnLeuGlu

481 CGAATTACAGACCCTGAGTACCTCCCTAGTGAGCAAGATGTGCTCCCATCCAGAGTCAAA
161 ArglleThrAspProGluTyrLeuProSerGluGlnAspValleuArgSecArgvallys

h v
541 ACCACAGGCATCATTGAARCCAAGTITICCGTCARAGACTIGAATTTCAGGATGTTTGAT
18) ThrThrGlyllelleGluThrLysPheServalLysAspLeuAsnPhehrgHetPheAs P

601 GTGGGAGGGCAGAGATCCGAGAGAAAGAAGTGGATCCACTGCTTCGAGGGAGTCACCTGE
201 ValGlyGlyGlnArqSerGluAzgLysLysTepIleHisCysPheGluGlyvValTheCys

v
661 ATCATTPTCTGTGCAGCCCTCAGTGCCTATGATATGGTGCTGGTCGAAGATGACGAAGTG

221 IlellePheCysAlsAlaLeuSerAlaTyrAspMetValleuValGLuAspAsSpGluval

721 ARTCGTATGCATGAGTCTTTGCATCTGTTCAACAGCATATGTAACCACAAATTCTTTGEG
241 AsnArgMetHisGluSerLeulisLeuPheAsnSerl leCyshAsnHisLysPhePheAla

781 GCTACTTCCATTGTACTCTTPCTCAACAAGAAGGACCTCTTTGAGGAARAAATCANGAAA
261 A).a’!'hrsuIlcVulLeuPheLeuMnLysLysnspLeuPheGIuGluLys!leLysLys

v
841 GTCCATCTCAGCATTTGTTTTCCAGAGTATGATGGTAACAACTCCTATGATGATGCGGGG
281 Va!.HlsLausuIleCyspheFroGluTyrAspGlyAsnAsnSez’ryrAs pAsSpAlaGly

901 A&TTACATAAAGAGCCAGTTCCTTGACCTCAATATGCGAAAAGATGTCAAAGAAATCTAC
301 Mn‘ryzxleLylScrcInPheLeuAschuAsan:AngysAspValLysGluz leTyr

961 AGTCACATGACCTGTGCTACAGATlCACAGAATGTCAAATTTGTATTTGATGCAGTTACA
321 SerHuHet’rhrcyula‘l‘hn!p’rhrGlnAanalLysPheVaIPheA pAlavalThr

1021 GATATTATCATCAAAGAAAACCTCAAGGACTGCCGCCTCTTCTAA
341 Aspllellel leLylcluAsnLeuLxsAlngGlzLeuPheEND
{

Fig 1 Nucleotide and predicted amino acid sequences of human T.a
¢(DNA coding region Underlimings a. b, ¢ and t represent synthesized
tully degenerate oligonucleotides corresponding to cach amuno acid
sequence of bovine T ¢ (4, GMO1 and ¢, TMOL, sense b, GMO2 and
t, TMO2, antisense) Overlimngs d, ¢, g and h represent synthesized
specific ohigonucleotides to human T 2 ¢<DNA (e, TSO2 and g, TSO3,
sense d, TSOI and h, TSO4, antisense) (W) denotes the position of
on mtervenig sequence The nucleotide sequence data of cxon 1-8
reported 1 this paper appear in the DDBJ, EMBL and GeneBank
Nucleotide Sequence Database under the accession numbers D90438,
290439, 1290440, DY0441, DY0442, DI0443, D90444, and D90445,
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stranded plasmid sequencing was performed The sequence analyscs
of PCR products obtamned using primers TMO!-TSO! and TSO2-
TMO2 were performied 1n the same way as that for the amplhified
DNAs using primers GMOI and GMO2

24 Isolation and sequencing of human genomuc T,0

Human placental genomic libraries in EMBL3 and A DASH were
screened with the probes (EX 345, nucleotide position 237-594 EX45,
433-594, EX78, 633-1065, in Fig 1) prepared from the clones of PCR
products which were labeled by random priming Positive clones were
restriction mapped and subcloned i pUCIS plasmid after digestion
with surtable restriction endonucleases and double-stranded plasmid
scquencing was performed

3 RESULTS

Forty-one clones werc obtamned after transfection of
E coli with pUCI18 plasmid contaiming PCR products
between primers GMO1 and GMO2. By sequencing
two clones of these and homology searching, each clone
showed extremely high homology to bovine T.o. One
clone had the insert of 5" sequence of Sacl site (nu-
cleotide position 160-368) and another 3’ scquence
(position 369-593) from Sacl site (Fig 1) Because of
the remarkable 1dentity of the predicted amino acid
sequence of these two clones to bovine T a, these clones
were assumed to be contiguous and have been cloned
separately due to Sacl digestion They appeared to be
a part of the human T.oo cDNA.

In orde: to obtain the longer ¢cDNA clone of human
T.2, the fully degenerate oligonucleotides (bovine T.&
amino acid residues 1-4 TMOI, and 340-345: TMO2)
and human T.a-specific oligonucleotides (TSQ! and
TSO2) which were based on the sequence of the two
clones described above were synthesized The PCR
products using primers TMO1-TSO1 and TS02-TMO2
were subcloned and sequenced. Resulting 5~ and 3'-
fragments were found to be overlapped with the portion
of the cDNA mutially cloned as above and showed again
extremely high homology to bovine T.& In this way we
determuned the cDNA scquence of human T, from the
nucleotide position 16-1050 (Fig 1)

Next, we screened human placental hbiaries with
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Fig 2 Organization and restriction map of human T.a gene Four

lines over the restriction map indicate A clones contaiming human T,a

gene Boxes represent coding regions of the T gene. B, BamHI, E,
LeoRl, S, Sacl
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Fig 3 Expression of human T, gene (A) Northern hybridization Twenty ug of total RNA from Jurkat (lane 1) and Y79 (lane 2), and 30 ug
of total RNA from Y79 (lane 3) were electrophoresed on a 1% formaldehyde agarose gel, transferred to a nitrocellulose membrane and hybridized
with the mixed probe, EX345 and EX78 (B) RT/PCR-Southern hybridization Two ug of total RNA from Jurkat (lane 4), HLG0 (lane 5), THP-1
(lane 6), normal human lymphocytes (lane 7), HeLa (lane 8), JEG-3 (lane 9), and NCCIT (lane 10) were reverse-transcribed using the synthesized
ohgonucleotide TSO4 as a primer, followed by PCR between primers TSO3and TSO!1 The resultant DNAs were electrophoresed on a 2 5% agarose

gel, transferred to mtrocellulose membranes and hybridized with the probe, EX345

three different probes prepared from the clones of PCK
products Totally 5 clones weie 1solated By the analyses
of these genomic clones, it was found that human T
gene spanned approximately 10 kb and was composed
of 8 cxons and 7 introns (Fig. 2) All exon—-intron junc-
tion sequences were compatible to a conserved GT-AG
rule (Table I) [14] Two nucleotides within the sequence
of the human T.a ¢cDNA amplified by Taqg DNA po-
lymerase were corrected from the genomic sequence
Because the sequences of the regions corresponding to
the degenerate primers (TMOl and TMO2) were
ambiguous, these sequences were deduced from the ge-
nomic sequence By PCR using two synthesized oligo-
nucleotides corresponding to 5’- and 3'-untranslated
regions (cach about 10-20 bases upstream of mitiation
codon and downstream of termination codon) based on
the genomic sequence, we obtained a human T, cDNA
which contamned all of the coding region (data not
shown) The sequence analysis of this cDNA clone

Table I

showed that the nucleotide sequence 1-15 and 1051
1063 were the same as those of the genomic sequence.
The deduced amino acid sequence of human T 1s
shown in Fig 1, and 1t was composed of 354 amino
acids and possessed Arg'” and Cys**' which would be
ADP-ribosylated by cholera toxin and pertussis toxin,
respectively

By comparison with other G protemns using GE-
NETYX program, the amino acid sequence of human
T.a was 96 6% 1dentical to bovine T & and approx-
imately 81% to rod cell transducin ¢ subunits (T,a) of
bovine, mouse and human. The 1dentity to the & sub-
units of human G,, G,;, G,,, G,;, G, and G, was less than
70%. Nucleotide sequence identity of human T to
bovine T.a was 93 3%

Northern hybridization revealed the message of
human T.a 1n Y79 cells (a human retinoblastoma cell
line) (Fig 3A) but not in other tumor cell lines. By
reverse transcription (RT)YPCR and Southern hy-

Scquence of exon-intron junctions in human T

Splice Junction sequence and intron size

Intron Exon Intron Exon
| TCCTGG gtgagt ~--- 2 3kb ~----atttttecttccag GTGCTG
2 GATGAA gtgagt---- 04kb ----tctgcceccttgeag GATCAT
3 TGTGCG gtatgt -~~~ 1 4kb -~-~tttctgeattacay GATGAC
4 ATCTTA ghaaga--=-- 23kb -~--tcacttilctctag CTACCT
S TTTCAG gtaagl -~~~ 03kb «-~--gecttcttecctcag GATGTT
6 GAAGTG gtggce~--~~ | Okb ~-~~ttLecctcllactag AATCGT
7 ATGATG gLaagt -~~~ 0 8kb -~=--tLctggaanacccag GTAACA
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bridization, we, however, detected the T.a message in
normal human lymphocytes, Jurkat, HL60, THP-1 (a
human monocytic leukemia cell line), JEG 3 (a human
chorionic carcinoma cell hine), NCCIT (a human em-
bryonic carcinoma cell Iine) (Fig 3B)

4, DISCUSSION

Recently several novel cDNAs encoding for G
protems were isolated by PCR method [7,8,15]

The novel G protein « subumt which we 1eported 1n
this paper 1s thought to be human T ¢ for the following
reasons This G protein has the highest homology to
bovine T.a among all of the G protemns reported so far
The notable characteristic of G proteins 1s that the inter-
species identity of ammo acid sequences among a given
class of mammalian G protein & subunits 1s higher than
the 1dentity among different G proteins 1n one species
Moreover, we detected this G protein message 1n a reti-
noblastoma cell line. Y79, by Northern hybridization
(Fig 3A) Boegenmann et al reported that retino-
blastoma cells expressed cone cell-specific genes includ-
ing T using bovine T.a cDNA as a probe [16] They
detected two transcripts of T.a and the lower molecular
weight transcript was expressed predominantly It was
almost the same molecular weight as reported here

The coding region of human T @ gene 1s composed of
8 exons and 7 introns, the feature quite analogous to
human G,o, G, G, and mouse T,e genes [17-19]
Since we did not obtain a full-length cDNA of this gene,
it 1s possible that there mught exist untranslated exon(s)
as found i human G, [17], as suggested fiom the pres-
ence of two transcripts of T,@ gene 1n retinoblastoma
cells [16) However, we found only one band in this
study by Northern hybridization analysis (Fig 3A). Al-
though there has been no report on the alternative splic-
ing for bovine T,o and T @, 1t 1s also possible 1n the case
of human T o as 1n human G,a and G ¢ [18,20,21]

Does human T protem function mn T cells?” We
detected the message of human T.a in Y79 cells but not
in other cell lines by Northern hybridization However,
in some tumor cell lines including Jurkat and normal
human lymphocytes, the presence of the T @ message
was detected by RT/PCR and Southern hybndization
(Fig. 3B). The presence of very few molecules of the T .o
message may be the reason for undetectabulity by con-
ventional Northern hybridization analysis m Jurkat
cells Lerea et al detected the mRNA of bovine T.a 1n
bovine retina by Northern hybridization but not 1n
bovine brain, liver, kidney, spleen or heart [22] They
also reported that immunorcactive T a protein wds seen
exclustvely 1 bovine conc cells using a specific antibody
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agamnst bovine T.a Although 1t 15 obvious that T a
proten functions as the cone cell-specific phototrans-
ducer. immunochemical exammations using a spectfic
antibody against human T protemn are necessary to
clanfy the singificance of human T in T cells Such
mnvestigations are now underway.
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