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v beYesZ XV EFOT U FF—FED
ru—=r 7L Z0ECY YERLEAN DOPE
I S

LERFEFRECFE HE (EF | A TREAZHE)

2 FRI2EI12H2A
FH FRKI134E 1 A8 9H

Ty NOWAREBIET cyes 7 v MNIFEE cDNA XYW 7 u—=F L, FOBIEZTFEY
c-Yes (35417 I /B OHER SN, FF 82 606kDa T, YV R, BN, XFH cYes D—KiE
ELEH 498, 96, 82%—F L7z Src 773N —FOIrFF—ED cYes I, ¥FF—E¥BLU2
=7 FAL AFu Y Y REOSTHEIBECY VEBLICEVCBERES MR E SN S, 22— 2 2
1AYADOETY) “EBIBEBL U200 VELVBREERICSAIEELRALENT, 7 b
cYes D=~ FAA YHECY YEBALEM L HEE SIS Tyrl6 5\ id Tyr32 % Phe IZE# L
7oRER (YI6F, Y32F) B X UEAR L 519 RHMBICEHRSE, 3EHDOT v F c-Yes 1327
BHOATLEHCTOWINOHREIHERIN, SREBZEOLEEE, 7y MR VBRL/-
c-Yes DHFEW L IZIZAEFETH D, WTHhOBERLEE~ND) VEBI Y ALEEVEREE O F
CEMBERERL, o HAEREIC L VER LI N, BFAR, YI6F 8 XU Y32F ZREE! c-Yes
HEY YERBICED 1 EVH Y FRFNRLET, 0.71, 0.91FNDY VEEXSF O VFREIZED
AEns, BOY VBILL7-3HEED c-Yes # M 7Y VL, ZRTERTF K7y 7 TERL
TR, 22— FAL YD Tyr32 £ FF—¥ KA D Tyrd24 HELZEHTY Y EELERA & $IHH
L7z LrL, BAR YI6F 8 XU Y32F BRAE c-Yes iZHTY VBLIZE D 4, 25, 3.9EDEE
FEREVBOONI, 2=2—2 FA M D) VEBALIIBERETICEENrwEZZ 5N,

Key words . 2*AJR#E{ZTF (protooncogene), c-yes, HT.') ~B&{t (autophosphorylation), ¥ U

2 v ¥+ — < (tyrosine kinase), Src 7 7 3 ') — (Src family)

WAFBETF cyes®id, Yamaguchi 738 & OF Esh
EREYANVAY ) arb RSP ABIET
v-yes!DIZAIGT 5 MR O BZEF T, FOEETFE
WTHAHcYestE, Src 77 3I)—F NI EFOaL
¥ F—¥DO—BThb, 2OFF—¥773I)—0DK
RBICdH 5 c-Src®id, Rous BREY A VAT LICR
HENT v-sre BIEFOIEEMRFED S csrec DR
ZFEWTHY, Sre BIUPIhEBVHRENEERT
Yes, Fyn, Yrk, Fgr, Hck, Lyn, Lck, Blk ¥ & &
TSre 773V —FF—EBLIFATWVAED, Thbid
#5007 I VERREL DD, XBOBET DL,
NKEIADS I AF VBRALEAL, & Src773)—T
BHEOBEF% L L, 50005907 I/ BERENS LD
2=—7 FX A, SH3 (Src homology 3) KX AL >,
SH2 (Src homology 2) N XA ¥, Fus rF+—EF

AL BI) YBALICE D I —BiESEEEICHIE
THFOULUOREFED C KB THE IR TY
5510, SH3 FAA &) CHKMEIX Sre 773 —F
FPETEEICRESINATNED, 2=—F FX
A4 > TRAEAREIEL, TOFAL YB&RFF—FED
EEERETADOICEEREFLHE) LEXLATY
59,

Src 773V —FF—ETIK, FF—EEHEOFRE
AR Eb 22RO FO Y UFRED ) CEME - Y
VBRIV ERETH D5, OB VEATWVS c-Src
2RIz L B L, CERABTHEDF T L v FRIENT Csk (C-
terminal Src kinase)2249dH 5 W IIHT Y ¥ B30
LoTY VEEE LA & c-Src D F F — BiEHIZ I
Shbd, Zhix, C KMl YEbFos UKL
SH2 F AL v L DEEFIZE W DFOAEENEL
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LTHxFF—ERFAS UPFEERBIILE-0TH
55152, iz, FOYUKRAT 7y —H285056)|Z k1)
By Bt bk, SH2 FA AL VL DEEH Rk

LT c-Src PEMALT %, 7, 416FF 0L U ERED
BOU YBALIC LY, ¥+ — BHREIMEE ST 51930,
Yes®d, Lck®, Lyn?, Fyn®D, FgrDTdH, Csk 12L& 5
C KMF s RED) VELIC X o TBEEDPATES
fkah, b)) YERIL - BLY CBREIC X 2 iEHRE
A Sre 77 I —FF—BILITEERWICHELET S,
NSO VBB L AESFAS LIRS TV
A1)

c-Yes T EEBLUHIBTEOEENHR S,
TRILVHECTRIL TV 225, $ICh, B, R, %
B TR0, MM T, c-Yes & N kg r 1y v >
BREICBTIFPEALAIYVAF VB AL CHRER
LEEAL, BN SDY X FVEEICEELBRE Y
HLTW5, BlziE, HfEIZ PDGF212749), 7 v ¥
FrIrI®HELNVEAL I -4 F 11107% KO
WambsE, FhAo0lL Ty =25 D) c-Yes iX{F
B S, Ml bz RS > 7 inEik
Dy N ER) VBILT B, 72, IgE HBHWIiT
IgA DA L-REIDT) LT F —it c-Yes %
WEHEL, X5 IV ORBIRGRERSGED T~
A A b=V RABDIEET L, X512, c-Yes i3I
At Ca2+iREED LRI o THIFE A TRALICHBE) L,
MR A O FEREICEE 55 53,

b FOEUBEEEMIETIL, cYes DBERFENESL &
Py 7 ERRAT = AT EDIZE—10
BEVDS, c-Yes IZERIIR DD o TW2RWVD), c-Yes
YN ERBEOHEINE X+ - PiEHoE AR, ©
FRIEAAMRE23 T H g SN, BRED»LHPTAND
HERICASTALEEZLNTWS,

o2, ARODICED Iy MFRERS L HER
EN7zcYes 12, #0F 0y yEEOSFEATDY ~
BALIC X DIEBILEN L Z EAHLPIC R o7 F 7,
vk cYes BFF—E XL AT VBALE
PMLPSZ, == FXA4 VY RoFO Y YEREDEHD
JUB LI NBEZ b o, FOFF—ERF AL
YHOBEEY YEBLEALIE < T A c-Yes D424 12
L5rFas yEETH), 22— F24 YAHED
) U ERALERAL I3 2T D F O Y VRE L HEE L 29T,
16FDFT L YEREDTRER bR SN TV /zD,

EFETT v b cyes DEE cDNA * 7 v MiFlEe
¢cDNA L hWo7u—=vr L7, #NEILIT, c-Yes D
BER, 2=—27 FX4 YABCY vEILEfL L H#E
EN16H B VERFENFOIL V2T NT TV

WCEHLZERE (YIBF BLUTY32F) #/3F%F 207
ANVAFBERE AT SO BHMBICERHRSE, 24
T TDH T LEBET c-Yes #HIZHEL, Th
SOEUBEETHAVWTI=Z—7 FAL yADOEEY) ~
BALMAZREL, ZOHMDY) »BRILHBERIEEIC
B2 BRI, CZORKR, 22— FAL VA
DHCY YBALEHM I FEIIR2FOFu L Y RETH
D, 2OV YBALRBRERICEELEVEEZIOLR
770

MEEFHE

1. M8

[y -32P) ATP, 7 v 7 * 74 »#{k, Thermo
Sequenase LI — 7 L UH R A IV —-r
¥ v 7% v b B XU ECL Western blotting ¥ HH {3 13
Amersham-Pharmacia £ DA LA, #E¥AL -+ 3
= VIZERLDFEIEAER L, T VILET
WT7Iv, ebhy-ru7)y, 7z )V AXAFNANE
=W 7 NE Y K (PMSF), AMP-PNP BXUFO -
IV IVEE (1:4) aF)<w— (5F847,000) &
Sigma & WA L7, Taq Extender PCR Additive,
c-Yes IZX3 %€ / 7 10— F VK (Mab 3H9), V) ¥
BitFoy icd+sE/ 70—+ VHAkB IO
TPCK JLE + V) 73 id, #NFN Stratagene, I
#t3, Transduction Laboratories 3 & U Worthington
Biochemical X YA L7 RFRFF RS
FRERTF FRER, Fry~vf 7 TuF
VBT ATAT AT XDEA LI, Tag FY 2T —
1% Life Technologies &V, /NF¥ano ¥ f )L A
FFYAT T =R F—, BARIANNY VEAE
Autographa californica 7 4 v A DNA &k
Spodoptera frugiperda (Sf9) MifZiZ Pharmingen &
DEEA L7, Grace REMIREEAX T VALY Y
FEHFIMIE X Gibco L VHEA L7 T v b cYes i3, B
BIEE S L D AERL DFEDICREVER L 72, Bt
EWETHROFFRAE LR L7
2. T b c-yes cDNA DIEEERFIDRTE

Z v M4 cDNA i3, HHiE4 RNA 28R
EBEETHRVTERLAED, v b c-yes DER
cDNA #1854 7-%, <7 A c-yes cDNA 1EHEF)1O%
TCIZ 5-CGTGGAGCGAGCGGATTTGA-3' (YF-2) & 5'-
CGTGTCTAGACGGTTTTGTCT-3’ (YR-2) ® /7 4
< —F{EB L7, ¥ A c-yes cDNA Tl YF-2 & YR-
2 7oA —MICI31 644 EDIFEL, Thid~=Y
A cYes 7I/BRENIFOXAF A=V 2 o#1ET
FrETh&Ensd, L7/ 94— %285404uM

— - T —— — e~ ———— -
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&, 20 mM Tris-HCl, pH 8.8, 10 mM KCl, 10 mM
(NH4)2S04, 2 mM MgSO4, 0.1% (v/v) Triton X-100,
0.1 mg/ml 7 VM7 V73, 04mMdNTPs, 2.1
=y b Tag RY 25—+, 22=v b Taq Extender
PCR Additive 8 X U8 v MIFIE&E cDNA 0548 =&
tr&® 50 u 1 DRISRT, 95°C, 1 7 MOEMRIEE,
3544 7 L ® PCR (95°C, 30RYHDAEMRIE, 50°C,
MO T7T =—") v FKIE, 72°C, 2HEOMER
&) ATV, F v b cyes & cDNA %72, BHN
72cDNA FZF UL 7uvf FEEL 1% 7T Aa—
A NVTEBRIKEIL, FOKESEMEIEL,

500 L72 PCR 7 2 — % pUCI9 N7 ¥ — |
L AAH, Thermo Sequenase P — 7 L4 —H
ANy -y E v bE Pharmacia
Biotech ® ALF DNA ¥ — 7 T % —%HWTZ v b
c-yes cDNA DI EEF| % JeE L7z,
3. 5y kc-yescDNA DER#EA

pUCI9 X7 ¥ — ZH#ARATET v b c-yes cDNA O
16 5\ ix32% 2 K> % TAT (Tyr) 2°5 TTT (Phe)
WER L, 2 FV1I6HEOEREATI, pUCII N
7 ¥ —IZHAIAATE c-yes cDNA R ERIZ, 7514~ —
YF-5 (5-GGTCTAGATGGGCTGCATTAAAAGT-3,
c-yes cDNA B#E T N ¥ 5 5 1888312 Xba [ Z2F&REBAL
Z4+h0) & Y16F-R (5-CACTCCAAAATGACCGGC-3,
THRIMHSLREAEF), YI6F-F (5-ATTAAATTTA-
CACCGGAA-3) & M13-Fwd (5-CGACGTTGTAAAAC-
GACGGCCAGT-3", pUC19 DT 54 ~<—) HNVT
PCR #47To7, %4 ® PCR EYrHRLTT7T=—
) S, THERSHRIZ YF-5 & MI3-Fwd 2T
PCR #1470 72, TEINMOIEEET ZHER, N
% Xba 1/Pst 1 ORIBEERUINEA THIMT L, pUCL9
Ry H—IZHIRA TR c-yes cDNA DllfREEFE
Xba I/Pst 1 IC X UMl L BB L2, 2 FU32%F
DEREAIZ, 7514 <— YF-5 & Y32F-R (5'-
CACTCCAAAATGACCGGC-3"), Y32F-F (5’-GGT-
CATTTTGGAGTGGAA-3") & M13-Fwd # iV T4To
726
4. FSLRIT7—NRIZ—DIBEERBA 2T

REY 1L ZADEH

NE2094 NVAEFAWEEBEFREEY AT 413,
Summers & Smith*®? fi% 2% { Pharmingen O
Za T NIHEo Tz, pUCI9 N7 & —IClAAT R
BAER YI6F B L U Y32F Z£R2E! cDNA % Xba 1/
Smal BMTYHHEL, NFa2O0IA VAT PR
77—~ %— pVL1392 ® Xba I /Sma 1 EBALIZH A
RATE, M2 Y Y RIEBRTANVAL, FFT A

T 7=y F—EFERNRY AN VELE Autographa
californica 74 WA DNA %21 VEEAN V7 AEIZE
H Sf9 BRRMAZICEL Y AT, in viveo MFEMIEZ IC
FOEBL, 79— T v A ETHILLz, BAR
BXUZRRY (VA% S99 RHMMIZEYH27°C,
THREELCEOLEXED, AV A VAR
by REB, SI9 MEIZ10% Y ¥ RBAFILIE & 100
pgml 7Y ¥ <4 v & &L Grace BEMA X 7 1
v LTHREREL, L7
5. fREADIEK

ETORERIE, 7077 —EHER & L THREE
1 mMPMSF, 10ugml XTAYF 2, lugml 770
F=r, W0pgml B4 RTF B L 10 mM X
IV EEL, MBRBERE MBI, 25 mM Tris-HCl,
pH 8.0, 5 mM EDTA, 1mM YF 4+ AL A1 b—J
(DTT), 10% (v/v) 7'Vt —), 2% Triton X-100,
05 M NaCl B 7a57—BHER TH 5, Hepes
BE RO, 20 mM Hepes-NaOH, pH 7.4, 1 mM
EDTA, 0.5 mM DTT, 5% (wh) ZVI—ABLVT
o577 —YHEH TH 5, Hepes-Triton FRE I,
Hepes #&##1Z 0.2% Triton X-100 % il X 72,
6. BEHSIUEREE c-Yes DER

1-2 X 108#fif/m1 @ Sf9 Mk IZxt L TGl % 5
ELTHIERE VANV AR B SEI, 27°C, T2HFH
Bk, &0 LTH-6.5X108EDMIE £, 20 ml
PBS (80 mM NagHPOs, 20 mM NaHzPOs 3 & U 100
mM NaCl, pH 7.5) T2 H#%&E#%, —80°C THRAFL
7oo #AEIZ SDS FMNAERE W (160 mM Tris-HCL, pH
7.8, 12% (w/v) SDS, 20% 7 ')t — ), 0.068%
(wh) 79E7 =/ =)V 7l—, 16 mM DTT B LV
80 mM EDTA] #Hhnx T100°C, 3 5 RIZMEL,
SDS-PAGE %47 72 c-Yes \Zxt3 2458514k, Mab
3H9 % A>T Western blotting % 47Vv>, FARB LU
HRM c-Yes DRB LR L 720
7. BERBIUERE c-Yes DER

100 mm FHIBEREM T 1 v ¥ 2200 5 £ D 72K
Y HiR5-6.5 X 1088123 L T, 2X 1074124720 1 ml
OMMERE Y N, HAE - MFRIER, 4°C, 28
MRS L sk L, MfHmBREEs. Dk, &
T OFEIEIZ0-4°CTET - 72 M D30,000 Xg, 30
SO B (AT ES) |C Hepes MRE R %
Mz, 733 YM-10 IR CRAMES L TRIERE Y
30 mM IZTiF7z. ZDiE#E % Hepes-Triton #&f#
TEHL L= EAL L FINR—LH T L (20X1.6
cm) 12 40 mVBF O E CTRE S, 7T L %P
WBE 40 ml THEHE, 07205 05 M OBEMRELE
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DAY % &1 Hepes-Triton F&E il (£ 300 ml) T
B L7, WEIE 20 m/FEEIT 3 ml $O5 AL 72,
BRI c-Yes TiX, #¥Aban—-=nphssr0%
NS T4 —DHRADE -2 %ED, FNIZ Hepes
BEREMZ, YM-10 BETHE - 845 L CRIEREZ
0mM LT, ZE9ml &L (HEAL X bIN—N
B, W L-BRRY, KL ERLAFEDT
LKB 7745454 (110ml) 2Fv—IL,
12 KV, 08B OSEAER KB 21To72 26 ml ¢
DO4E L, #N#FNIZ 1 M Hepes-NaOH, pH 7.4 %
0.1 ml fIx CHAl%k, BREEOBVWITEZEDL
(77454 CHE5).YI6F B £ U Y32F R c-Yes
DEHLFARELF UAHETITY, 22005470
N5 T7 4 —CHERMLFEROBRBE NN -V %
RL7z. AEEZREMIZ—80CTA R LD 8y AMIZ
L L2272,
8. FOLL¥F—tEMDOAE

FoyiF—VERIE, FOL sy I VB
AR —~D 2P ORYALBTHEL D, F
F — PiEHOEER E#H (standard assay mixture,
48 60u1) &, 20 mM Hepes-NaOH, pH 7.4, 20
mM MgClz, 0.5 mM DTT, 50x M NagVOs, 0.2%
Triton X-100, 0.5mg/ml FO> > —7 V¥ I VEEIR
1)< —, 15uM [y -2P] ATP (2-6X102 cpm/pmol) &
BEFES TS, BERCE, [y-2P] ATP £ MNXH
BB L7z, 30°C, 10 RIRIET., RIS 501 %
Whatman 3MM 4% (2X1.5 cm) ICAKy ML, KiF
L7:8% (wwv) ¥ YEE%EL10% (wv) Y1
OEEERPIC AN TRICEEIL L, Bz 5% Y 2
U OEERE T 3 BIgk#E&IC T Y/ — VT 1 EEE L T
1Rt BEAKIOml # ANy FL—a3 N, T
WIZANT 2P OREHEM% Cerenkov BIRZFIAH L
THIE L7z, 3BE LT, FABFICIR)v—%2MRY
RIB R, ZOEAEERL VR BROL
2=y ME, LEOELBETTLISEIC ATP »HEE
~NEEBT 5 ) Y EEE (pmol/min) D FRME &L L7,
9. c-Yes DAZ Y ~B1t

Sy ML VBRI c-Yes (130=v k, 15
pg ¥ E) kSO M OB LEAERB L
UZERE c-Yes (£460L=v , 06ug ¥ /37 &)
NHTCY YB{LRIEE, 20 mM Hepes-NaOH, pH 74,
20 mM MgClz, 0.2% Triton X-100, 30 M NaszVOs,
0.5 mM DTT 3 £ 0 304 M [y -32P] ATP (1-1.5X10*
epmv/pmol) & & HEE 60 u1 O RIS TFT 2 72, 30°C,
2 BERRIE#, 101 SDS AR R % N 2 RIS 2 1%
L7 IREWER40°C, 2 HREIZAMLEEM%, SDS-PAGE

450770 FVD 60kDa 3T — TN —Feta NV F

{Z, FUJIX BAS2000 FE{EMATIC & ) BUHEREE b2

EhH, HEBY YBEENT: c-Yes THBH LHEART

X/ DS 60kDa Sy FEREVHBL, 32P DR

EHEME L HlE L7,

10. B2 o B{EL 7 c-Yes D hU TS L E{EE 2
RENRTF K2y FICE B3P

Ty FHBE OB cYes 15ug) EAKRLD
HEDIZHEV, AT VEMbRR, M) TV VEIEL
‘Bonsy) YBERTF Fo—&ix, $fH C-18 7 7
LTHEELD, HTY vBL L 7-M# R c-Yes (0.6
8 ¥, SDS-PAGE THr#tk, ¥V &ML, 500
x«1 @ 50 mM NHHCOs, pH 8.2 i HIT37°C, 40EF
MRy Ty Vb L 48 B50ng MY 7Y U ERMZ,
UEMBIISVEBLOCLEEICTEEL, £AENIZ
HiZ50ng N TV EMA,

‘Bohz b 7Y UEL) VEBRIER T T FIRERBE
Wik, BRKBARER (KD V/EER/EEK,
1:10: 189 (v/v), pH 3.5] I[CHM L7z, % 2,000
cpm DB % Whatman 3MM E#HEKIZAHR Y b L,
I REHICESRKEHBE BT T 3 kv, 2KHOS
FREESKE), 2KRTEREKI OIS T 14—
(1-7% 7= W/E) Y v /BEBR/FERE K, 16:10:3 012
)] BT o7, BEEERL, —80°CTH—F 7T
VAT T T4 —=%47 07,

1. LV ESFXE & Western blotting

SDS-PAGE3®Z10% DK 77 U NT I KXV &M
AL, c-Yes 239 %5 RHiM4E Mab 3H9 Tl
Western blotting 13 )1| 5 D FHEDIIHE o720 T D
NI BRBIZaT I — T — R-250 x Wi,
BFEIT-A—L LT, 7V XFERHFAR)Z7—E Db
(97.4 kDa), w Y MiE7 V7 I~ (66 kDa), kb
y-707) Y OESH (50 kDa) 3 & U'EESH (23.5 kDa)
FHW,

12. fhDRIEZE

) UBMLT I BOWIIES OFEDIE o, ¥
UNIEBIIYVMETNT I v EERY 7R
L T Bradford &9 TiT - 72,

& R

1. 5w hc-yescDNA DI O—=> 7 &R

<™ A c-yes cDNA E#EF®O%Z TTIT/ERLA Y
TX2VFFFTFIA—F2HVWTTy MFESE
cDNA % %12 PCR %47\, J v b c-yes &K cDNA
%r0—=rF L1z, 151/ cDNA 31,6445 T,
FD3%FDH1,626FSHMRFBCH o7z, HESH

o —— ——

- — e e ———

-=




HK: Ty beYesDrua—=rr7eaTY YERILEAL

A

TAATGGGCTGCATTAAAAGTAAAGAAAACAAAAGTCCAGCCATTARATATACACCGGAARATCCTACAGAGCCTGTAAACACAAGTGCCGGTCATTATGGAGTGGAACATGCTACAGCTG
M G C I K S K E N K S P AI K Y TUPENUPTEU?PUVNTSAGIHYGV EUHATA AN-A

CCACGACCTCTTCCACAAAGGGAGCATCAGCTAATTTTAACAGTCTTTCCATGACACCCTTTGGAGGGTCCTCTGGGGTGACTCCTTTTGGAGGAGCATCTTCCTCATTCTCAGTGGTGC
T T S S T K GA S A NF NS L S MTUPVF GG S 8 GV TU?PVF G GAS S S F s VvV VeEP

CAARGTTCATATCCTACAAGTTTAACAGGTGGTGTCACTATATTTGTGGCCTTATATGATTATGAAGCTAGAACTACAGAAGACCTTTCCTTTAAGAAGGGTGAAAGATTTCAAATAATTA
s s Yy pTSLTGGVTTIFVALYDYEA ARTTETDTLS ST FIZ KI KU GTETRTFIOQTITIN

ACAATACGGAAGGAGACTGGTGGGAAGCAAGATCAATTGCTACCGGAAAGAATGGTTATATCCCTAGCAATTATGTAGCGCCTGCAGATTCCATTCAGGCAGAAGAATGGTATTTTGGCA
E G D WWE AR S I A TG KNGY TIPS NY VAP ADSTIQA ATETEWTYTF G K

AAATGGGGAGAAAAGATGCTGAAAGATTACTTCTGAATCCTGGGAATCAGCGAGGTATATTCTTAGTAAGAGAAAGTGAAACTACTAAAGGTGCTTATTCCCTCTCAATTCGTGATTGGG
M GR KD AEURTULTLILWNUPGNA QRGTIU FULUVRESETTI KGAYSL S I RUDWD

ATGAGGTAAGGGGTGACAATGTGAAGCATTACAAAATCAGAAAACTTGACAACGGTGGATACTACATCACGACCAGAGCTCAGTTTGATACTCTACAGAAACTGGTGAAGCATTACACAG
E VR GDN NV KHY KIRIKILUDNDNGSGY Y I TTWRAZGQPFDTULQIKIULV KHY TE

AACATGCTGATGGATTATGCCACAAATTAACAACCGTCTGTCCAACTGTGAAACCGCAGACTCAAGGTCTCGCAAAAGACGCTTGGGAAATCCCTCGAGAGTCTTTGCGACTCGAGGTTA
H A D GLCHI KULTTUVCUPT TV KZPOQTOQGULAI KD AWTETIUPRESTULUZ RTILTE VK

AACTAGGTCAAGGATGCTTTGGTGAAGTGTGGATGGGAACATGGAATGGAACCACAAAAGTAGCAATCAAAACACTAAAGCCAGGTACAATGATGCCAGAAGCATTCCTTCAAGAAGCTC
L 6 Q G C F G E V WMGTWNGTTI KU VATIXKTTULIEKU?PGTMMZPEM AT FIULOQTEAQ

AGATAATGAAAAAATTAAGACACGATAAACTTGTTCCGCTCTATGCAGTTGTTTCTGAAGAGCCAATTTATATTGTCACTGAGTTTATGTCAAAAGGAAGCTTGTTAGATTTCCTTAAAG
I M K K L RHDIKULV PLY AUV YV S EEU?PTIYTIVTETFMMSI KSGSULULDUFTULIKE

AAGGAGATGGAAAGTATTTGAAGCTTCCACAGCTGGTTGATATGGCTGCTCAGATTGCTGATGGCATGGCATATATTGAAAGAATGAACTATATTCACCGAGATCTCCGAGCTGCTAATA
G D G K YL KL P QL VDMAAUGOQTIA ADGMAYTIZEUZRMNTYTIUHRDTILU RAANI

TTCTTGTGGGAGARAATCTTGTATGCAAAATAGCAGATTTTGGCTTAGCAAGACTAATTGAAGACAATGAATACACAGCAAGACAAGGTGCAARATTTCCAATCAAGTGGACAGCTCCTG
L V 6 E NL V CK I ADVFGLAURIULTIETUDNDNET YTA ARUGQGA AT KT FPTII KWTAUPE

AGGCTGCGCTTTATGGTCGATTTACGATAAAGTCAGATGTGTGGTCATTTGGAATTCTACAGACAGAGCTGGTAACAAAAGGAAGAGTGCCGTATCCAGGTATGGTAAACCGAGAAGTGT
A AL Y GRVF T I K S D VWS F G I L Q T EULUVTXGR VP Y P GMUVNURTEVL

TGGAACAAGTAGAGCGAGGGTACAGAATGCCCTGCCCTCAGGGCTGCCCAGAATCCCTCCATGAACTGATGAATCTTTGCTGGAAGAAGGATCCTGATGAGAGACCAACATTTGAATATA
E Q VE R G Y RMPCPQGCUPESULHETULMNTILTCWIKIKUDU®PUDERU®PTTFEYTI

TTCAGTCATTCTTAGAAGACTACTTCACTGCTACAGAGCCGCAGTACCAACCAGGAGAAAATTTATAATCCAAGTAGCCTGTAT
Q S F L ED Y F T ATEUPIGQY QP G ENL Ter

B

Myristylation o v Unique

13

120
40

240
80

360
120

480
160

600
200

720
240

840
280

960
320

1080
360

1200
400

1320
440

1440
480

1560
520

1644
541

rat MGCIKSKENKSPAIKYTPENP-TEPVNTSAGHYGVEHATAATT--SSTKGASANFNSLSMTPFGGSSG-VTPFGGASSSFS~-VVPSSYPTSLTGGVTIFVALYDY| 100

mouse |.e.eeease
human |.........
Xipho |[...VR...A.

+essR. .. T-P...5..VS...A.PT.VSPCPS. .A. . TAV S............—.......
..L..Q0.D.SNVV..SAHL....P.PTIMGQS---PAMKTQN . SHPTALS....V.SPM.......T. . TSVT.NNPF.AVI

SH3 SH2

100
102
103

rat EARTTEDLSFKKGERFQIINNTEGDWWEARSIATGKNGYIPSNYVAPADSIQAEEWYFGKMGRKDAERLLLNPGNQRGIFLVRESETTKGAYSLSTRDWDEVRGDN| 206
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Fig. 1. Nucleotide and predicted amino acid sequences of rat c-yes cDNA and comparison with c-Yes proteins

from other species.

(A) Nucleotide sequence and predicted translation product of rat c-yes cDNA. The DNA sequence for rat c-yes
has been deposited in the DDBJ database (accession number AB037472). (B) The deduced amino acid sequences
of rat, mouse, human, and southern swordtail fish (Xiphophorus herellt) c-yes cDNAs are aligned in accordance

with the sequence homology between them. Amino acids of the mouse, human, and Xiphophorus sequences are

shown only where they are different from those of the rat sequence. Conserved amino acids are marked with (. )

and gaps are marked with ( -).
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Fig. 2. Strategy for the construction of Y16F and Y32F mutant baculovirus transfer vectors.
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Fa207 A )R DNA % SO BHMBICEAL, in
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Fig. 3. Purification of wild-type, Y16F, and Y32F
mutants of c-Yes from Sf9 cells.

Total lysate of Sf9 cells expressing wild-type c-Yes
(lane 1, 17.5 « g protein), purified wild-type (lanes
2 and 5, 0.3« g), Y16F (lanes 3 and 6, 0.2 1 g), and
Y32F (lanes 4 and 7, 0.3 x g) mutants of rat c-Yes
were analyzed by SDS-PAGE (10%) and stained
with Coomassie Blue (lanes 1-4), or immunoblotted
with an Mab 3H9 antibody (lanes 5-7). The size of
each molecular weight marker is indicated on the
left.
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U7 74+74 VEBRBERKEY 7 5% HVTHER
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Fig. 4. Casein-Toyopearl column chromatography
of rat wild-type c-Yes.

Infected Sf9 cell lysates (54 ml, 31.6 mg protein,
32,300 units) were applied to a casein-Toyopearl
column (20X 1.6 cm). Elution and assay for protein
concentration (O) were performed as described
under “EXPERIMENTAL PROCEDURES.” Rates of
Pi incorporation into Tyr-Glu copolymers (@) were
measured with 10 ¢ 1 of each fraction under the
standard assay conditions. Fractions of 3 ml were
collected. The active fractions ( F ) were pooled.
lower panel; The same volume of indicated fraction
was analyzed by Western blotting with an Mab 3H9
antibody.

L 02MEEBETHER SN, S4OBREEOLE
X1 : 3THo7 (Fig 4). FEHEE —7121d c-Yes
HRFARERIETS 60kDa ¥ U7 EFEENS
7%, Western blotting THHH S N7y FOREE % it
Byak, 2BEBOY—27R3BAOE— 712X, &
2 {5 » o 72 (Fig. 4, lower panel)o 7 v b FFIRIEHE
SEDREBRLL7: c-Yes ik, €A MIN—NVAT A
ru<w 574 —-T025 M BREEBETERSN
720, LEDERZEREL, Fig. 4 OB TRLI-E—
VA% Lo W eVl B GV i VNS = A dl N i
T4 —%To72, BFERIT v b c-Yes D F F+—E{EH
¥'— 213 pH 5.8 TEH L (Fig. 5), SDS-PAGE T60

351

Pi incorporation into copolymers (pmol / min)
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Fraction Number

Fig. 5. Isoelectrofocusing electrophoresis of wild-
type c-Yes.

Casein-Toyopearl fraction (9 ml, 1.17 mg protein,
11,600 units) was applied to an Ampholine electro-
focusing column. Electrofocusing was performed
with carrier ampholites (pH 5-7) as described under
“EXPERIMENTAL PROCEDURES.” Fractions of 2.5
ml were collected. Rates of Pi incorporation into
Tyr-Glu copolymers (@) were measured with 5 1
of each fraction under the standard assay condi-
tions. pH (O) of each fraction was measured.

kDa DH—% 378y FE;R L7 (Fig. 3)o HEH S
N7 60kDa D% Y37 EWE, O FaBLY
Western blotting T c-Yes &K E KI5 2 &
5, c-Yes EEE L7 (Fig. 3)o BFAER T v b c-Yes i
200N 7 LBETHREICERS N, B Sf9 B Al
Ko 0 ML 7 IR T 25 2 O HiEE To6RE I 2 b, IR
1216% T o 7= (Table 1)o FHERT v b c-Yes DLt
W, FO vy I vBaR) -0 ANTE
BExRAV$H4E, 96,300 1=y Mmg T, 7 v MR
EES L DR L7 c-Yes DIiEYE, 87,600 = b/
mg &ML TWizD, M2 c-Yes AWV VB
LIS T, BRBEOEME L HIZEENDY ¥ EREL
0 AAEE IS HRRIRIRE S 7 (Fig. 6). BER
BOZRIIHTHITI7TICEIETE, HED) VB
{EEEIIERNICERAL (Fig. 6), THIIEFAR
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Table 1. Purification of c-Yes from infected Sf9 cells

Fraction Total protein Total activity Specific activity Purification Yield
(mg) (units) (units/mg) (-fold) (%)
Wild type
Cell lysate 31.6 32,300 1,000 1 100
Casein-Toyopearl 1.17 11,600 9,900 10 36
Ampholine 0.054 5,200 96,300 96 16
Y16F mutant
Cell lysate 279 35,200 1,300 1 100
Casein-Toyopearl 0.8 13,700 17,100 13 39
Ampholine 0.047 4,300 91,500 70 12
Y32F mutant
Cell lysate 20.2 45,600 2,300 1 100
Casein-Toyopearl 1.31 12,400 9,500 4 27
Ampholine 0.043 5,600 130,200 57 12

The enzymes were prepared from 5-6.5X 108 infected Sf9 cells. Purification and assay procedures were described

under “EXPERIMENTAL PROCEDURES.”
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Fig. 6. Enzyme dose curves of Tyr-Glu copoly-
mers phosphorylation.

Indicated doses of rat c-Yes purified from Sf9 cell
(Ampholine fraction) were employed. Rates of Pi
incorporation into copolymers (wild-type; @, O :
Y16F; &, A : Y32F; B, []) were measured at 30°C
for 10 min as described under “EXPERIMENTAL
PROCEDURES.”

c-Yes DEZGEHL S TFHHAEERICLA3DTSH
BIEERRLTS, ZOBRIE, HHRLERRE S H
LEMBEETI TROON, F2T, BEO1 =y
FEIGESZ-VOEBICRYATNL) VBRE
(pmol/min) N HIR & EFE L7,

Sf9 REMMICEI &Y YI6F & Y32F 82
c-Yes b, LD FETHREL: (Table 1)o 7> 7 #
SAYATAIOAT NS T T 4 —T YI6F & Y32F %&
BERMOELBEFEEY — 71384 pH 5.8 L59THEH

7] ~

Pi incorporation into ¢-Yes (mol / mol c-Yes)

Incubation Time (min)

Fig. 7. Stoichiometry of incorporation of 32P into
c-Yes.

Each enzyme (wild-type; @: Y16F; A: Y32F; H, 60
units, 0.6 u g protein) was incubated with 30 x M
[y -32P] ATP at 30°C as described under “EXPERI-
MENTAL PROCEDURES”. At indicated times, 5 x«1
aliquots of the mixtures were withdrawn and spot-
ted on a Whatman 3MM paper, and further
processed as described under “EXPERIMENTAL
PROCEDURES.”
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Autophosphorylation, tryptic digestion, separation of phosphopeptides on a C-18 column, high voltage paper elec-
trophoresis and chromatography, and autoradiography of rat liver c-Yes (130 units, 1.5 x4 g protein) and purified
wild-type, Y16F, and Y32F mutants c-Yes (60 units, 0.6 x g protein each) were carried out as described under
“EXPERIMENTAL PROCEDURES.” Paper electrophoresis (Direction 1) and subsequent paper chromatography
(Direction 2) were carried out. Tryptic phosphopeptides from rat liver c-Yes (A) and its N- (B) and C- (C) termi-
nal ones. Phosphopeptides from wild-type (D), Y16F (E), Y32F (F), and co-chromatography of wild-type and

Y16F (G), or Y32F (H). About 2,000 cpm of phosphopeptides was spotted.
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oy, BFAERL YI6F ERBOI 703 b T A
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Fig. 9. Activation of c-Yes tyrosine kinase activity
by autophosphorylation.

The purified wild-type c-Yes and its mutants (30
units, 0.3 « g protein each) were preincubated sepa-
rately with ATP (O), AMP-PNP (@), or H:O (A)
at 30°C in 60 1 of standard assay conditions. At
indicated times, 5 ¢ 1 of mixture was withdrawn and
assayed for the kinase activity as described under
“EXPERIMENTAL PROCEDURES.” c-Yes kinase
activity at zero time of preincubation was taken as
100%. At zero time, all three forms of c-Yes showed
activity of 1.6 pmol of 32P incorporated into Tyr-Glu
copolymers per min.
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Molecular Cloning of Rat c-Yes Protein Tyrosine Kinase
and Identification of Autophosphorylation Sites

Masahiro SHIMIZU

Department of Biochemistry, Hiroshima University School of Medicine
(Director: Prof. Kazuhiko IGARASHI)

Rat c-Yes, a Src family protein tyrosine kinase, is autophosphorylated at Tyr reisdues in the catalytic
domain and in the unique domain with a concomitant increase in the the kinase activity. The site in the cat-
alytic domain corresponds to the common autophosphorylation sites of other family members. To deter-
mine the autophosphorylation site(s) in the unique domain of rat c-Yes and their effects on the activation, I
cloned the rat c-yes protooncogene and expressed wild-type, Y16F, and Y32F (Tyr was replaced with Phe)
mutant c-Yes in Sf9 insect cells using the baculovirus expression system. The three forms of c-Yes were
purified to homogeneity by two column chromatographies and shown to have similar specific activities and
similar enzymatic properties of activation by intermolecular autophosphorylation. Pi incorporations into one
mol of wild-type, Y16F, and Y32F c-Yes by autophosphorylation were 1.57, 0.71, and 0.91 mol, respectively.
By analyzing two-dimensional tryptic phosphopeptide maps derived from the three forms of autophosphory-
lated c-Yes, the major phosphorylation site in the unique domain was suggested to be Tyr32. Preincubated
with ATP stimulated the kinase activities of wild-type, Y16F, and Y32F by 4.0, 2.5, and 3.9-fold, respectively.
This result suggests that phosphorylation in the catalytic domain (Tyr424), but not Tyrl6 or Tyr32 is

responsible for the activation by autophosphorylation.
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