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Major insulin signals such as stimulation of glucose uptake and DNA synthesis and
modification of hexose metabolism are mediated by the tyrosine-phosphorylated insulin
receptor substrate-1 (IRS-1; pp180) in many species of cells.

We cloned ¢cDNA encoding a 190-kDa IRS-Hike protein (pp190) in simian COS cells
and which is slightly larger than IRS-1 (pp180) of human, rat, and mouse cells. The deduced
amino acid sequence of COS pp190 consisted of 1251 amino acids and was 96.4%, 87.9%
and 88.7% identical to human, mouse and rat IRS-1. The COS pp190 bound to SH2 (src-
homology 2) domains of p85, Grb2/Ash, and SH-PTP2, as did IRS-1. In IRS-1-knockout
mice, insulin signals are thought to be mediated by IRS-2 (pp190),which is an alternative
signaling molecule and is slightly larger than IRS-1. However, the COS pp190 may be a
simian homologue of IRS-1, but not of IRS-2. The results of Southern blotting suggested the
possibility that Chinese hamster ovary (CHO) cells have not only the IRS-1 gene but also a
gene related to the COS ppl90. o 1955 acadenic Press. inc.

Insulin exerts physiological effects including stimulation of glucose uptake by binding
to receptors. The activated insulin receptor phosphorylates insulin receptor substrate-1 (IRS-
1! (1-5) and Shc (4-6). The tyrosine-phosphorylated IRS-1 (pp180) has specific motifs each
of which binds to other molecules containing SH2 (src-homology 2) domains, such as p8S of
P1 3-kinase (1-5, 7, 8), Grb2/Ash (9,10), SH-PTP2 (11), and Nck (12).

I'The nucleotide sequence data reported in this paper will appear in the DDBJ, EMBL
and GenBank nucleotide sequence databases with the following accession number D64157.
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Abbreviations : IRS-1, insulin receptor substrate-1; SH2, src-homology 2; SDS-PAGE,
sodium dodecy! sulfate-polyacrylamide gel electrophoresis; She, src homologous and
collagen; CHO, Chinese hamster ovary; HIR, human insulin receptor; GST, glutathione S-
transferase; kp, kilobase; SSC, sodium chloride-sodium citrate; PCR, polymerase chain
reaction.
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The PI 3-kinase activated by IRS-1 binding is suggested to transmit the insulin signal
to glucose transporters and to increase glucose uptake in the cell (13-17). The IRS-1-bound
Grb2/Ash is implicated in activation of p21 ras and of MAP kinase (4, 5).

IRS-1-knockout mice have been generated to examine the role of IRS-1 (18, 19). It
was suggested that an alternative molecule, tentatively termed IRS-2 (pp190), which is
slightly larger than IRS-1 (pp180), transmitted insulin signals in the absence of IRS-1 in these
knockout mice (19-21). In the course of our experiments, we found that simian COS cells
have a 190-kDa IRS-1 like protein (pp190) which is slightly larger than the IRS-1 (pp180) of
human, rat, and mouse cells. To examine the relationship among the COS pp190, IRS-1
(pp180), and IRS-2 (pp190), we cloned a cDNA encoding the COS pp190 and characteristics

of the protein were studied.

MATERIALS AND METHODS

Cells and materials — Cells used: COS-HIR cells, simian COS cells stably
overexpressing human insulin receptors (HIR); CHO-HIR cells, Chinese hamster ovary
(CHO) cells overexpressing HIR (22); NIH-HIR cells, NIH 3T3 cells overexpressing HIR
(23); IM9 cells, a human lymphocyte cell line. An anti-phosphotyrosine (pTyr) antibody,
MB6093 was purchased from BioMarker (Israel) and an anti-GST (glutathione S-transferase)
antibody was prepared as described previously (24). All other reagents were of analytical
grade.

Cloning and sequence of COS pp190 — Double strand cDNA was synthesized from
mRNA of COS cells, and inserted into Agtl0 according to the manufacturer's instruction

(Gibco/BRL). Independent 6.4 x 10° plaques were screened with a rat IRS-1 fragment
coding N-terminal 1.8-kb fragment (1). The three independent clones obtained have a Kozac
initiation codon and a 2.5-kb open reading frame, but they do not contain an in-frame stop
codon. Therefore, we used the biotin capture PCR (polymerase chain reaction) to extend
further the cDNA in the 3' direction (25). The PCR fragments (1.5-kb) were subcloned, and
the four independent clones were sequenced to avoid misincorporation during PCR. The 1.5-
kb PCR fragment contained an in-frame stop codon, and a full-length 3.8-kb ¢cDNA encoding
COS pp190 was assembled using appropriate restriction enzyme sites .

Transient expression of COS ppl90 und the binding to GST-fused SH2 domains —
COS cells in 60-min dishes were transfected using Lipofection  reagent (GIBCO/BRL)
with plasmids containing pCXN2 promoter (3ug each transfection) (26). After 60-h
incubation, the cells were treated with 107 M insulin for 1 min at 37°C, and lysed with a
buffer containing 1% NP40, as described previously (24). To examine the binding activity to
GST (glutathione S-transferase)-fused SH2 domains of PI 3-kinase p85, Grb2/Ash, and SH-
PTP2, the cell lysates were incubated with the purified GST-fused SH2 domains from E. coli
(24). The tyrosine-phosphorylated proteins binding to each GST-fused SH2 domain were
precipitated with an anti-GST antibody and protein A-Sepharose (Pharmacia),
electrophophoresed on 6% SDS-PAGE, and detected by Western blotting using an anti-pTyr
antibody, as described previously (3).

Southern blotting — Genomic DNAs of COS cells and CHO cells were prepared as

described (27). Each DNA (5ug) was digested with the appropriate restriction enzymes,
electrophoresed on a 0.8% agarose gel, denatured in situ and transfered onto nitrocellulose
membrane (Schleicher & Schuell). The membrane was hybridized with 32P-labeled full
length 3.8-kb ¢cDNA coding COS pp190, or with 32P-labeled full length 3.7-kb cDNA

coding rat IRS-1 (pp180) in a hybridization solution containing 50% formamide at 42°C, and
washed with 2 X SSC and 0.1% SDS three times for 10 min at room temperature and with |
x SSC and 0.1% SDS for 30 min at 50°C (27).
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RESULTS AND DISCUSSION

The tyrosine kinase activity of insulin receptors is crucial to transmit insulin signals
(4, 5). We examined the insulin-stimulated tyrosine-phosphorylation in various cell lines
overexpressing human insulin receptors (HIR), by Western blotting using an anti-
phosphotyrosine (pTyr) antibody (Fig. 1). In response to insulin, the B-subunit of HIR was
autophosphorylated in COS-HIR (lane2), CHO-HIR (lane4) and NIH-HIR (lane6) cells which
are constitutively overexpressing exogenous large numbers of HIR. In IM9 cells which have
a smaller number of endogeneous HIR than the other three lines, IRf autophosphorylation is
weak (lane8) in comparison with findings in the other three lines. Insulin stimulates tyrosine
phosphorylation of IRS-1 (pp180) in CHO-HIR (lane4), NIH-HIR (lane6) and IM9 (lane8)
cells. However, in the simian COS-HIR cells, a 190-kDa protein (COS ppl90) which is
slightly larger than IRS-1 (pp180) was tyrosine-phosphorylated as well as IR (lane2).

As the COS pp190 bound to PI 3-kinase and Grb2/Ash like IRS-1, the COS pp190
was expected to have some similarity to IRS-1 (Hayashi, H., et al, unpublished observation).
We screened a cDNA library derived from COS cells with a 32P-labelled rat IRS-1 fragment.
The full length cDNA encoding COS pp190 was a 3756-bp open reading frame starting from
a Kozac ATG to a TAG stop codon, and the deduced amino acid sequence consisted of 1251
amino acids, as shown in Fig. 2. The amino acid sequence of COS pp190 was 96.4%, 88.7%,
and 87.9% identical to human (28, 29), rat (1), and mouse (30) IRS-1, respectively . The
surrounding sequences of expected binding sites to Nck (Tyr!51), p85 (Tyré!12 and Tyr950),
Grb2/Ash (Tyr993), and SH-PTP2 (Tyr!!88) were highly-conserved. The additional 8~16
amino acids of COS ppl90 compared to IRS-! and the long Gln stretch (from GIn875 to
GIn89! ) (Fig.2) may contribute to the slower mobility of COS pp190 in SDS-PAGE (Fig.1).
However, the total amino acid sequence of COS ppl90 is not identical to the newly cloned
IRS-2 (21).
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Fig. 1. Insulin-dependent phosphorylation of pp190 in COS cells and pp180 (IRS-1) in
CHO celis, NIH cells and IM9 cells. Cells were treated with (+) or without (-) 10-7 M
insulin for 1min, and the cell lysates were directly electrophoresed on 6% SDS-PAGE. After
transfer onto nitrocellulose paper, the tyrosine phosphorylated proteins were detected with an
anti-phosphotyrosine (pTyr) antibody. Cell lines ; COS-HIR, simian COS cells stably
overexpressing human insulin receptors (HIR) ; CHO-HIR, hamster CHO cells stably
overexpressing HIR ; NIH-HIR, mouse NIH3T3 cells stably overexpressing HIR ; IM9,
human lymphocytes. Arrows indicate the ppl90, pp180 (IRS-1), and insulin receptor 3-

subunit (IRf).
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os 1:MASPPESDGFSOVRKVGYLRKPKSMHKRFFVLRAASETGDPARLEYYENEKKWRHKSSAPKRSIPLESCFNINKRADSKNKHLVALYTROEHFATAADSE 100
human 1:MASPPESDGFSDYRKVGYLRKPKSMHKRFFVLRAASEAGGPARLEYYENEKKWRHKSSAPKRSTPLES CFNINKRADSKNKHLYALYTRDEHFATAADSE 100
mouse 1:MASPPOTDGFSDVRKVGYLRKPKSMHKRFFVLRAASEAGGPARLEYYENEKKWRHKSSAPKRSIPLESCFNINKRADSKNKHLVALYTRDEHFATAADSE 109
rat 1:MASPPDTDGFSDVRKVGYLRKPKSMRKRF FVLRAASEAGGPARLEYYENEKKWRHKSSAPKRSIPLESCFNINKRADSKNKHLVALYTRDEHFATAADSE 100

TEEEE SESRERCASHEPASESSESARERARSR IS & ANEEEFIEBNIH SRR A SR A ASAEB AR SRR R A SIS AN S ABNAEE RS RE N RGN BB AR
¥ Nck
€0S  101:AEQDSWYQALLQUHNRAKGHHDGAAAL GA-GGGGGSCSGSSGLGEAGEDLSYGDVPPGPAF KEVWQVILKPKGLGQTKNL IGIYRLCLTSKTISFVKLNS 199
human 101 :AEQDSWYQALLQUHNRAKGHHDGARAL GAGGGGEGSCSGSSGLGEAGEDL SYGDVPPGPAFKEVHQYILKPKGLGQTKNL IGIYRLCLTSKTISFVKLNS 200
mouse  101:AEQDSAYQALLQUHNRAKAHHD- -- -~ GAGGGCGGSCSGSSGY GEAGEDL SY-DTGPGPAFKEVMQVILKPKGLGQTKNLIGIYRLCLTSKTISFVKLNS 194
rat  101:AEQDSKYQALLQLHNRAKAHHD-----GAGGGCGGSCSGSSGYGEAGEDLSY-DTGPGPAFKEVAQVILKPKGLGQTKNLIGI YRLCLTSKTISFVKLNS 194

APUSSAPEERSERBRIEE AN W BE SE AREERANEE SREAEERER B NESAEAABNEEF PRSI RS RNSE RN MR RS HERS AU SR EEE RN SN

oS 200 : EAAAYVLQLMNIRRCGHSENFFFIEVGRSAVTGPGEFWMQVDDSYVAQNMHE TIL EAMRAMSDEFRPRSKSQSSSNCSNPISVPLRRHHLNNPPPSQVGL 299
human  201:EAAAVVLQULMNIRRCGHSENFFF IEVGRSAVTGPGEFWMQVDDSVVAQNMHE TIL EAMRAMSDEFRPRSKSQSSSNCSNPISYPLRRHHUNNPPPSQVGL 309
mouse  195:EAAAVVELQUMNIRRCGHSENF FFIEVGRSAVTGPGEFWMQYDDSVVAQNMHE TTLEAMRAMSOEFRPRSKSQSSSSCSNPTSVPLRRHHLNNPPPSQVGL 294
rat 195: EAAAVVLQLMNIRRCGHSENFFFIEVGRSAVTGPGEFWMQV DDSVVAQNMHETI LEAMRAMS DEFRPRTKSQSSSSCSNPTSVPLRRHHLNNPPPSQVGL 294
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os 300:TRRSRTESITATSPASMVGGKPGSFRVRASSDGEGTMSRPASYDG SPVSPSTNRTHAHRHRGSARL HPPLNHSRSIPMPASRCSPSATSPYSLSSSSTSG 399
human  3Q1:TRRSRTESITATSPASMVGGKPGSFRVRASSDGEGTMSRPASY DGSPYSPSTNRTHAHRHRGRARLHPPLNHSRSTPMPASRCSRSATSPYSLSSSSTSG 400
mouse  295: TRRSRTESITATSPASMVGGKPGSFRVRASSDGEGTMSRPASYDGSPYSPSTNRTHAHRHRGSSRLHPPLNHSRSIPMPSSRCSPSATSPYSLSSSSTSG 394
rat 295 : TRRSRTESITATSPASMVGGKPGSFRYRASSDGEGTMSRPASYDGSPVSPSTNRTHAHRHRGSSRLHPPLNHSRSIPMPSSRCSPSATSPYSLSSSSTSG 394
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C0s 400 :HGSTSDCLFPRRSSASVSGSPSDGGF ISSDEYGSSPCOFRSSFRSVTPDSLGHTPPARGEEEL SNY ICMGGKGPSTLTAPNGHY ILSRGGNGHRYTPGTG 499
human 481 :HGSTSDCLFPRRSSASYSGSPSOGGFISSDEYGSSPCDFRSSFRSVTPDSLGHTPPARGEEEL SNYICMGGKGPSTLTAPNGHY ILSRGGNGHRCTPGTG 500
mouse  395:HGSTSDCLFPRRSSASYSGSPSDGGFISSDEYGSSPCDFRSSFRSVTPOSLGHTPPARGEEELSNYICMGGKGASTLAAPNGHYIL SRGGNGHRYIPGAN 494
rat 395 :HGSTSDCLFPRRSSASY SGSPSDGGFISSDEYGSSPCDFRSSFRSVTPOSLGHTPPARGEEELSNYICMGGKGASTLTAPNGHY ILSRGGNGHRYIPGAT 494
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€os 500: L GTSPALAGDEASSAADLONRFRKRTHSAGTSPTITHQKTPSQSSVASIEEY TEMMP-AYPPGGGS GGRLPGHRHSAFYPTHSY PEEGLEMHPLERRGGH 598
human  581:LGTSPALAGDEAASAADLONRFRKRTHSAGTSPTI THQK TPSQSSVASIEEY TEMMP-AYPPGGGSGGRLPGHRHSAFYPTRSYPEEGLEMHPLERRGGH S99
mouse  495:LGTSPALPGDEAAGAADLDNRFRKRTHSAGTSPTISHQKTPSQSSVASTEEY TEMMPAAYPPGGGSGGRLPGYRHSAFVPTHSYPEEGLEMHHLERRGGH 594
rat 495 :MGTSPALTGDEAAGAADLDNRFRKRTHSAGTSPTISHQKTPSQSSVY STEEY TEMMPAAY PPGGGSGGRLPGYRHSAFVPTHSYPEEGLEMHKLERRGGH 594
SHEORE SS9 N BREREASEBIEOUREROE N L REASESER D SAEIREIPEN SARXNEAREHE AP CHEIBR 40 SR04 ER DRIESEN
p85
€0s 599 : HRPDSSTLHTDOGYMPMSPGYAPYPSSRKGS GDYMPMSPKSY SAPQQIINP [RRHPQRY DPNGYMMMS PSGGCSPDIGGGP-$S555S - TVPSGSSYGKL 696
human  6@@:HRPDSSTLHTDDGYMPMSPGVAPVPSGRKGS GDYMPMSPKSY SAPQQT INPIRRHPQRVDPNGYMMMS PS GGCSPDIGGGPSSSSSSSNAVPSGTSYGKL 699
mouse  595:HRPDTSNLHTDDGYMPMSPGYAPYPSNRKGNGDYMPMSPKSYSAPQQI INPIRRHPQRVDOPNGYMMMSPSGSCSPDIGGG-SSSSSSISAAPSGSSYGKP 693
rat 595 : HRPDSSNLHTDDG YMPMSPGY APY PSNRKGNGDYMPMSPKSY SAPQQI INPIRRHPQRVOPNGYMMMSPSGSCSPDIGGG-SCSSSSISAAPSGSSYGKP 693

BESE & SASAPERERSITENORNENE 06 SENEHAS I AR IRBABE RS RO AR SR LRI INRARERSEEERE FONR SRR sens wee 884

[€e) 697 : WTKGV GAHNSQVLLHPKPPVESSGGKLLPCTGDYMNMSPY GDSNTSSPSDCYYGPEDPQHKPVLSYYSLPRSFKHTQRPGEPEEGARHQHLRLSTSSGRL 796
human 700 :WTNGY GGHHSHV LPHPKPPVESSGGKLLPCTGOYMNMSPYGDSNTSSPSDCYYGPEDPQHKPYLSYYSLPRSFKHTQRPGEPEEGARHQHLRLSTSSGRL 799
mouse 694 :WTNGY GGHHTHALPHAKPPYESGGGKLLPCTGDYMNMSPYGDSNTSSPSECYYGPEDPQHKPYLSYYSLPRSFKHTQRPGEPEEGARHQHLRLSSSSGRL 793
rat 694 :WTNGY GGHHTHAL PHAKPPYE SGGGKL LPCTGDYMNMSPYGDSNTSSPSECYYGPEDPQHKPYL SYYSLPRSFKHTQRPGEPEE GARHQHLRLSSSSGRL 793
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0s 797 :LYAATADDSSSSTSSOSLGGGYCGARLEPSLPHPHHQVLQPHL PRKVDTAAQTNSRLARPTRLSLGDPKASTLPRAREQQQQQQQQQQQQQQQQQPLLHP 896

human  800:LYAATADDSSSSTSSDSLGGGYCGARLEPSLPHPHHQVLQPHLPRKVDTAAQTNSRLARPTRLSLGDPKASTLPRARE ~ - - - - - - < - QQQQQQPLLHP 883
mouse  794:RYTATAEDSSSSTSSDSLGGGYCGARPES SLTHPHHHVL QPHLPRKVDTAAQTNSRLARPTRLS LGDPKASTLPRVRE -~ --0QQQRQSS-LHP 882
rat  794:RYTATAEDSSSSTSSDSLGGGYCGARPES SV THPHHHALQPHL PRKYDTAAQTNSRLARPTRLSLGDPKASTLPRVRE < - - - - - QUM S-LHP 886
LA LA RL I LI A A2 Y221 S22 L N S EL L L] RAPPA AR AF A RIS AP R AR AR II AR A RS SRS ¥ shvne ey
Y Grb2/Ash Y p8S

s 897 :PEPKSPGEYVNTEFGSDQPGYLSGPYASRSSPSYRCPSQLQPAPREEETGTEEYMKMDLGPGRRAAWQES TGVEMGRL GPAPPGAAST CRPTRAVPSSRG 996
human  889:PEPKSPGEYVNIEFGSDQSGYLSGPVAFHSSPSYRCPSQLQPAPREEETGTEEYMKMDLGPGRRAAWQE S TGVEMGRL GPAPPGAAST CRPTRAVPSSRG 988
mouse  883:PEPKSPGEYVNIEFGSGQPGYLAGPATSRSSPSYRCPPQLHPAPR - EETGSEEYMNMOLGPGRRATWGESGGVELGRIGPAPPGSATVCRPTRSVPNSRG 981
rat 887:PEPKSPGEYVNIEFGSGQPGYLAGPATSRSSPSYRCLPQLHPAPR-EETGSEEYMNMOLGPGRRATWQE SGGVELGRY GPAPPGAASICRPTRSVPNSRG 985

SECEREAREABSROEE & SR FS BARSUAE  BE BENS SEEE SNEE FREFBEAEN SABE S4% K6 KEKERS & FAMIE $% 444

cos 997 : DYMTMQMSCPRQSYVDTSPIAPY SYAEMRTGIAAEEV SLPRATMAAAAS SSAASASPT -GPQGA-AELAAHSSLLGGAQGPGGMSAFTRVNL SPNRNQSA 1894
human  989: DYMTMQMSCPRQSYVDTSPAAPY SYADMRTGIAAEEY SLPRATMAAASS SSAASASPT-GPQGA -AELAAHS SLLGGPQGPGGMSAFTRVNLSPNRNQSA 1086
mouse  982:DYMTMQIGCPRQSYVDYSPYAPVSYADMRTGIAAEKASLPRPTGAAPPPSSTASSSASYTPQGATAEQATHS SLLGGPQGPGGMSAFTRVNL SPNHNQSA 1081
rat 986:DYMTMQIGLPRQSYWDTSPVAPV SYADMRTGIAAEKY SLPRTTGAAPPPSSTASASASVTPQGA-AEQAAHS SLLGGPQGPGGMSAF TRVNL SPNHNQSA 1084
AR Y1 EREREBREREE BRLEAE SERRIEES RSN % Ph L L HENE KX & FEERHEE BAREFAERPRABANEINSE MR SN

Y SH-PTP2
oS 1095 : KYIRADPQGCRRRHSSETF SSTPSATRVGNTVPFGAGAALGGSGGS-SSSSEDVKRHSSASFENVWLRPGELGGAPKEPAQLCGAAGGLENGLNYIDLDL 1193
human 1087 :KVIRADPQGCRRRHSSETFSSTPSATRVGRTVPFGAGAAVGGGGGS-SSSSEDVKRHSSASFENVRLRPGEL GGAPKEPAKLCGAAGGLENGLNYIOLDL 1185
mouse 1082 :KVIRADTQGCRRRHSSETF -SAP--TRAGNTYPFGAGAAVGGSGGGGGGGSEDVKRHSSASFENVIWLRPGOLGGY SKESAPY CGAAGGLEKSUNYIDLDL 1178
rat 1085:KVIRADTQGCRRRHSSETF - SAP-- TRAANTVSFGAGAA - - - - GGGSGGGSEDVKRHSSASFENVIWLRPGDL GGASKESAPGCGAAGGLEKSLNYIDLDL 1177

BEEREE FEREBEAAEAEE & % e *EE BEERED LE ] LR AL LEE RS ST NI AR L IR Y2 % . ER AL LR Y] EESBOEN
cos 1194 :VKDFKQRPQECTPQPQPPPPPPPHQPLGSSESSSTRRSSEDL SAYASISFQKQPEDLQ 1251
human  1186:VKDFKQCPQECTPEPQPPPPPPPHQPLGSGESSSTRRSSEDL SAYASISFQKQPEDRQ 1243
mouse 1179:AKE---HSQOCPSQQQSLPPPPPHQPLGSNEGNSPRRSSEDLSNYASISFQKQPEDRQ 1233
rat 1178 :VKDVKQHPQDCPSQQQSLPPPPPHQPL GSNEGSSPRRSSEDLS TYASINFQKQPEDRQ 1235
- - = . BOHEERERRRE B & BEERENSE HEEN AEHGERS B

Fig. 2. Comparison of COS pp190 amino acid sequence with IRS-1 (pp180) sequences
human, rat, and mouse. The deduced COS pp190 sequence is shown at the top. Reported
IRS-1 sequences of human muscle (29), rat liver (1), and mouse genome (30) are shown in
the second, third, and fourth lines, respectively. Bars (-) represent the gap. Identical amino
acids are indicated by asterisks () at the bottom. Expected tyrosine residues to bind SH2
domains of Nck, p85 of PI 3-kinase, Grb2/Ash, and SH-PTP2 are indicated by arrowheads.
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Fig. 3. Overexpression of pp190 in COS cells (A) and the binding to GST-fused SH2
domains in vitro (B). (A) The cDNA encoding pp190 was subcloned into a mammalian
expression vector pCXN2, and overexpressed transiently in COS cells by transfection using
Lipofection reagent and treated with 10-7 M insulin, as described under "MATERIALS
AND METHODS". The transiently cxpressed proteins were electrophoresed on 6% SDS-
PAGE and blotted with the anti-pTyr antibody. The transfected plasmids are ; lane [,

pCXN2 (3pug) ; lane 2, pCXN2 (1.5pg) and pCXN2-HIR (1.5ug) ; lane 3, pCXN2-HIR
(1.5ug) and pCXN2-pp190 (1.5ug). To compare the endogenous ppl190 of COS-HIR cells,

the COS-HIR cell lysates treated with (+) or without (-) 10-7 M insulin were applied as
control (lanes 4 and 5). Longer exposed autoradiography of lane 5 is also shown as lane 6.
(B) The purified glutathione S-transferase (GST)-fused SH2 domains of PI 3-kinase (lane 2),
Grb/Ash (lane 3), and SH-PTP2 (lane 4) were incubated with transiently overexpressed COS
pp190 and insulin receptors in the presence of 10-7 M insulin, and the specifically-bound
COS ppl90 to cach GST-SH2 domain was precipitated with an anti-GST antibody and
Protein A-Sepharosc. The bound tyrosine-phosphorylated proteins were electrophoresed on
6% SDS-PAGE, and blotted with an anti-pTyr antibody. The COS pp 90 was also incubated
with GST (lane 1) as control.

Next, we transiently-expressed the cDNA of COS pp190 in COS cells, as shown in
Fig. 3A. An apparent tyrosine-phosphorylated 190-kDa protein was detected by Western
blotting using the anti-pTyr, when the cDNA of COS pp190 was transfected with an insulin
receptor cDNA (lane3). This means that the transiently-expressed 190-kDa protein was
phosphorylated at tyrosine residues with the insulin receptor, then migrated at the same
position as the endogenous pp190 of COS-HIR cells (lanes 3 and 6 which is a longer-exposed
autoradiography of the lane5). In addition, Fig. 3B shows that the transiently-expressed COS
pp190 specifically bound to the glutathione S-transferase (GST)-fused SH2 domains of P1 3-
kinase p85 (lane2), Grb2/Ash (lane3), and SH-PTP2 (lane4), but the COS pp190 did not bind
to GST (lanel). These characteristics of COS pp!190 are the same as IRS-1 and IRS-2.

We next examined the gene(s) of COS pp190 by Southern blotting. As shown in Fig.
4A, several weak bands were detected in addition to a strong band for each restriction enzyme
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Fig. 4. Southern blot analysis of COS pp190 gene. Genomic DNA (each 5ug) of COS
cells was prepared and digested with the restriction enzymes, EcoRl (E), BamHI (B), Smal
(S), Hindlll (H), and Kpnl (K). After being electrophoresed on a 0.8 % agarose gel, the
digested DNAs were transferred onto nitrocellulose paper and probed with 32P-labeled full-

length 3.8-kb cDNA coding COS ppl190 (A) and 32P-labeled full-length 3.7-kbp cDNA
coding rat IRS-1 (pp180) (B).

digestion of genomic DNA derived from COS cells, by hybridizing with the entire cDNA
(3.8-kb) of COS pp190. Ailmost the same bands were detected by hybridizing with the entire
rat IRS-1 cDNA (3.7-kbp) (Fig. 4B). These data suggest that COS cells have only one IRS-1-
related gene, and that the pp190 may be a simian homologue of IRS-1 (pp180) of COS cells.
However, in CHO cells, sizes of the bands detected by the probe of the COS pp190
c¢DNA (3.8-kb) differed from those detected by the probe of the rat IRS-1 cDNA (3.7-kb), on

size
(kb)
23.1-

9.4

6.6—
44—

3.4-

Probe:COS pp190 Probe:rat IRS-1
P (pp180)

Fig. 5. Southern blot analysis of CHO genome using the COS pp190 ¢DNA (A) and rat

IRS-1 (pp180) cDNA (B) as probes. Genomic DNA (5ug each) of CHO cells was prepared,
and digested with the restriction enzymes, EcoRI (E), BamHI (B), Smal (S), HindIlI (H), and
Kpnl (K). The digested DNAs were electrophoresed, transferred onto nitrocellulose paper,

and probed with the 32P-labeled 3.8-kb COS pp190 ¢cDNA (A) and 32P-labeled 3.7-kb rat
IRS-1 (pp180) cDNA (B), as in Fig. 4.
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the Southern bloiting after digestion of CHO genomic DNA by EcoRI (E), BamH] (B) and
Kpnl (K) (Fig. 5-A and -B).

These results suggest the possibility that CHO cells may carry not only the IRS-1 gene
but also another gene related to COS pp190. Structural and functional relationships between
IRS-1 (pp180), IRS-2 (pp190) and COS pp190 will provide new insight into the diverse IRS
signaling system.
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