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AR OMEEEILLL F IR T —EERITHE > THW=,

AGS activator of G protein signaling

ATP adenosine 5-triphosphate

BSA bovine serum albumin

cAMP adenosine 3’,5-monophosphate (cyclic AMP)
cDNA complementary DNA

cPLA, cytosolic phospholipase A2

DAG diacylglycerol

DEP Disheveled/ EGL10/Pleckstrin

DEPC diethylpyrocarbonate

DMEM Dulbecco’s modified Eagle’s medium
dNTPs deoxynucleotide triphosphates

ECL enhanced chemiluminescence

ERK1/2 extracellular signal-regulated kinase 1/2

FCS fetal calf serum

GA3PDH glyceraldehyde-3-phosphate dehydrogenase
GAP GTPase-activating protein

GDP guanosine 5-diphosphate

GEF guanine nucleotide exchange factor

GFP green fluorecent protein

GGL Gy-like

GIRK G protein coupled inwardly rectifying K+ channel
GRK G protein-coupled receptor kinase

GPCR G protein-coupled receptor

GTP guanosine 5-triphosphate

HRP horseradish peroxidase

IgG immunoglobulin G

IPs mositol 1,4,5-trisphosphate

mRNA messenger ribonucleic acid

11



NP40 nonident P-40

PCR polymerase chain reaction

PDE phosphodiesterase

PIP2 phosphatidylinositol 4,5-bisphosphate
PKA protein kinase A

PKC protein kinase C

PKG protein kinase G

PLC phospholipase C

PMSF phenylmethylsulfonyl fluoride

PS phosphatidylserine

PTHR parathyroid hormone receptor

PTX pertussis toxin

PVDF polyvinylidene difluoride

R9AP RGS9-1 anchoring protein

RGS regulator of G protein signaling

RT reverse transcription

SDS sodium dodecyl sulfate

SDS-PAGE SDS-polyacrylamide gel electrophoresis
TBS Tris-buffered saline

TBST Tris-buffered saline containing Tween 20
TCA trichloroacetic acid

TP thromboxane Az receptor

TPIP thromboxane A receptor interacting protein
Tris 2-amino-2-hydroxymethyl-1,3-propanediol
Triton X-100 polyoxyethylene (10) octylphenyl ether
TXA» thromboxane A

UK14304 5-bromo-6-[2-imidazolin-2-ylamine]-quinoxaline

bitartrate

11l



1% ®3S

NIRRT DB/ NRALTH VD . N OMRITH 60 JEME DML 6 72 -
T 5, ARIXZE ORERGENL, BRI K o ThEx e BRECBERE A Fro & L B IC
ZOMRETH DU, b, MIEDFHE R EIINARNEDL 7 F ML > T
B ZHIE STV D MR IR s S 7Tkt D O R RN & B

2 A4 2 [ PFEL, dRx efiflast s 7 F v zflildin e 7 F e~
CHERHT D,

G % 87 BRI Z %K (G protein-coupled receptor; GPCR) 1l 3%
SREROFTRROZ 7 IV —ZMHR L TEBY . ATIEK 800 FEIEDIFIEN S
JLTuY el FORERPOHLEMNICSN TS, GPCRIZHET DU A~
RITMRBEME, FVEy, =X af RSO TEEliEsH L, £
NHDHGFREE LT TF RRT IV BEILLOEETH L, —F. GPCRIL, 1
RKORY XTF FMaEzZ 7 BIEET 2 FB0 R R F S Lo iE L2 A LT
%, GPCR (2@ d 2 — iR Z2 HARROBERE (X, IS 2 DAF A Z T B D & 5T

EREEDBLN AL, R L TWD 28K G ¥ o X7 EOIEHLZ N L THlia
DNA 2%
BB 2% \
AT FxvRIL 5%
RILE L RIETE R F dmBa RS s ik

11%
" 45%

Science (2000) 287, 1960-19644 Y k%5

Fig. 1-1 Target proteins for current medicines



NANLV T TNERETLHIETHD, BE, K THEASA TV D EELD
4003 GPCR #45H & LTV [2], GPCR & = DREE & X7 B ITAISED ¥
—7y bE LTEHERMEZ HO TS (Fig. 1-1),

GPCR (%3 % =&k G # "7 HlTa, pLOYO =FEEHOY 7T 2=
MHRDH~T B ZBREEEZ L > TEBY a7 2=y FORTITHIEL KO
BN OMRIVEIC X > T Gsy Giv Ggo KO G12D 45D 7 7 I Y —{T5H
s (Table 1-1), RNIEMEIRIED G # X7 E1X, a7 === MNZ GDP 73
e Lie~7u =8ifkiEEE2 & > Tnd 8, GPCRIZEL » T (b= G #
PRV EIX a7 =y )b GDP ZfEHEL RV 12 GTP #fA LT GTP
AR Go (EHER Go) & ByEAE (Gpy) I fitlET 2 (Fig. 1-2), f#lfEL 7—at
T o=y NI c OFERIEEZHIET 5, B2 Gos (TMIEE S 7B TH
LT TENBEY T T—BEEML L, 7T ) v 5= fE (adenosine 5™-
triphosphate; ATP) 7>64+ 27 1~ 27 AMP (adenosine 3’,5-monophosphate;
cAMP) DFEA Fhizh| X i< 71T A FF—+F A (protein kinase A; PKA)
DIEMALZ 5 & Z7(3, 4], W Goi 137 7 =gy 7 7 — B OREME L2 5]

Table 1-1. Classification of trimeric G proteins

Class Member Distribution Effector
Go. Gog Ubiquitous Adenylyl cyclase (stimulation)
s Gog Olfactory bulb Ca?+ channel
Goy,, Ga,, Ga, iqui
s Sz S Ubiquitous Adenylyl cyclase (inhibition)
Gay,, Gog, Brain, Neuron
G(xi Gt Gol Retin K+ channel, Ca2* channel
% Bhe etina c¢GMP phosphodiesterase (Go)
Gty Taste bulb
Goay,, Gayyy Ubiquitous
Gay,, Ling, Kidney, Liver Phospholipase Cp
Go
q Gous T cell Btk tyrosine kinase (Ga,)
Gog B cell
Go p115Rho-GEF (Gay)
Ga,, a h Ubiquitous Btk tyrosine kinase (Ga,,)
%13 Gapi™ (Ga,,)




Inactive form Active form

Outivk
st
4P ﬁ'y'
GDP GEF ,GTP
A k
T
GDI
Effector
i«
5, GAP
GEF: Guanine nucleotide exchange factor v
GAP: GTPase activating protein . .
GDI : Guanine nucleotide dissociation inhibitor Signaling

Fig. 1-2 Model of G protein signaling.

T8, 4], GaglIA ZAR U —F¥ Cp (PLCP) AIEMEAL LI4, 5], FEWTH
AT 7 FUNA )V b= (4,5)- "V VBRI NIRENTA /¥ h—)b 1,45 =
U omg (IPy) &7 v 7Y +r—/ (diacylglycerol; DAG) 2EAIN S,

IPs 13/ MERREE EICHFAET 2 IPs ZARICAE LA~ Ca2t it 5] Xk
ZFT DIk L, DAG X727 A > FF—+F C (protein kinase C; PKC) DiFEM:
&5 & 2%, GoiziX RhoGEF (Rho guanine nucleotide exchange factor)
DIEVE(ES° Rho ¥ F— B DIEMHALZ I S 2§ 2 L AFm b T2 (6], &ML
SNz Goatr 7= LD GTP i, BT GaH & DF-> GTP MK fRIE 7
(GTPase i) 12X > THfiE &L GDP L7220 O =EEKEERTHZ Lk
STRIEERICRE D, —F., GRylEwic~T e ~—L L THEELTEY, 1%
PR Go b ITRIRAIC Z OEIZR S EICE EN TV, L LIS, Gpylc &
% GIRK (G protein-coupled inwardly rectifying K* channel) OiFME{L=0

[7-10]. PLCRDIEMEALIBIZ Ehkx o= T = 77 Z —DIEMALZ R Z 9 2 & 3



INTHEL, FEPEESTWND,

ZORRIZZRBAR G Z NI BENT DY T IURED RN IR HEE LI 5
2o T&ETe, LLEDO—FHT, TNOL VT FTIVEEITZINETEZLLNAT
W2 AR R CldZe < BRA RN I K o THBICHIEEZ I Cnd 2 b
WEIN TV, Bzl GPCR OZEKRILLZD I HDO—>TH 5, GABAs
SRRIIZZFEEOY T2 A THFEEL, 2OV T2 A FRETAT r &K
UboAY I~—%BlT 52 EnWEInNTWD11], &Y I~v—%2 B LTz
GABAp ZRRIL, ¥ 7 FIUGENRO EF, ZREOMEE mERINNT] & it
s,

—Ji. ZBR G ¥ R EAFOENEEERET 2R L FET D, TD
—2 L LT, EHF GoaDIEMEAE A3 5 Regulator of G protein signaling
(RGS) WEHZHEDTNWD, EEE Gor 7=y NHEBHT 5 GTPase {4
IHF VL 2L, Gar T 2=y hOHZTIE G & 2737 BORIEHALO R RE
W, ZHUCx L, MIRANTO G & 237 EOREMEACITES )72 HE R R
T4 U 5[12], RGS 1% GTPase-activating protein (GAP) & L COEA %
B, IEH LR Gatr 7 2= v b @ GTP Z 00Tk L, RIEMERLD GDP
FEAMANE R 2 LTl s 7L oI aiEE LTV 5, RGS i, Ml
FEIZBWTHIEE TIZ 30 UL LT A V7 4+ — A0 H 6T 0 [18, 14],
ZOEE, BEEORE R EDD 6 2OV T 77y I —ihEaInTw5 (Fig.
1-3); RGS 77 IV —D AL N—{TTXTK 120 7 X /25725 RGS KA
A EMEEN A EZ AL TEBY, 2O RAAL 2N LT GAPEHEEZ 726
TEBZLNTNAI18, 14], —J7, RGS ¥V XV HEIE, TORXENBLE
160 725 1,400 7 X /IR LIRSS 1EEALED RGS 77 XU —IZ RGS K
AA CUIMTET2 D RAA U EPFETREEL TS, FEE, Zhb RAAL I



Type Name Structure
RGSZ1 >
RGSZ2 O
RZ Ret-RGS1 :—19:@:
RGS-GAIP | GmmRGS &
RGS1 (= Res ]
RGS2 i = RGS)
RGS3 = RGS m|
RGs4 [__=RGS m|
R4 RGS5 [ =RES|
RGS8 = RGS x|
RGS13 [___=Rcs'm
RGS16 [ === RCS m|
RGS18 (D
"] ress
RGS10 = RGS i
R12 RGS12 (P — @B (D) RID)—r )
RGS14
Axin (- ) GSK3-BDy (@Cat-BDXFP2 (DIX)
RA Conductin m RGS -@x(@) w@.@l
AKAP2 :@:PKA'BD — PDZ binding motif
RL p115RhoGEF B Amphopathic helix
GRK2 W RGS -<®-®- ©  GolLoco motif
RGS-PX1 (O Cysteine string

Fig. 1-3 Classification of mammalian RGS and RGS-like proteins

KV GAP {EMHZET TR ZERBREL BT 2 Z L HE STV H[13,
14], %X, p115RhoGEF % Gais® GAP & L TIEHT 2 Z &b T
LM, small G % > /N7 ED—>Th % Rho ® GEF & L THLEI HILAEHFT D
[15-17], RGS14 /% Gao, ® GAP TdH5—Ji, Ras 77 I U —® Rapl. Rap2
IZHES L. ZnH o GEF & UTERT 28Ea REF LT\ [18, 19, 7z,

RGS12 1 PDZ KAA %&b B, TDORAL &N LIRS X0 ~DOFES
MHE SN TND[20, 21], ZOFRIZ RGS 7 7 X U —0MREEET 2 KA A 121X
GAP {EMEREREFEBLIT KT L CHIEBIAVIZAE 32 & DX, GAP 1&ME & 137 L 7= 1F
HAZEFOLOBIFET 5, —J7. RGS A& OTEMEHIEE A 5 s ST
BN DE D720, BRI, G 7 7 XU —D GafFRAYIZ GAP {4 7R



T RT-RGS V7773V =72 Bd b, In vitro DINEIEEAELER O FEERIZE
WTIE, R7T-RGS (FZE DA TITAEKRN TR 5D GAP IEME & i LU TIEH I
FIVEME LAvR S 220 [22], R7-RGS 7 7 3 U — 3@t L LT, GAP %
PEERT RGS R A A > Ofth, GGL (G-protein y subunit-like) K4 >, DEP
(Disheveled/EGL10/Pleckstrin) K A A %> T\ 5[23, 24], GGL KA A
LG XU\ IERs T 2=k (GB5) LA LTHA~—%KTDHI &N
HMHNTND[24-27], ZOABPERIZOWVWTUIHL NI R > TRV, F
7z. DEP R XA ATMIEBRIEICES L TWD v @mE[28]3dh 5723, Zih
IZOWNWTHZDORROFEMITH LI TV, AENIZEIT S RT-RGS
D GAP IEVESRER B 2 T 21213, TNTNRD B A A UHEREZ B & i
THZENIEFRICEHETH D,

SO =BEGH VRV BEENTDH VT T IVEEITZGPCRO U VLS
GPCRIZH AT D4 v "7 BIC K> THHlH SN TWD, GPCRDO Y U EE{KIZE
B9800 E LTREM R L DICGH 7 BIREAZ Rk T —E (G
protein-coupled receptor kinase; GRK) NHI 5L T\ 5([29], GRKIZT 2 =%
MZ XV EMAL L7ZGPCROMIFIANGEIZ U b L, S HIZE DY e b
BT LAFUNEIM UGS T D LICE o TGPCROA v #—F Y B — 3
VR EIND29], A v H—F VUV E—1 3 LIZGPCRIFMEA DY Ho R

SAVHIRENDT2DT 7T NVORBERGI S S b, £/, GPCRD Y
VEREIZIZGRKLUAMZ S PKASSPKC, PKG O B 5238 S LT\ 5 [30], —J5
GPCRO M@ I 2 & L GPCRigRE Z il 9~ 2 % /X 7 'H & L TARF4M
H7%, ARFAITHIMNERLE ZHI#9 Ssmall G¥ 232 ETHY, GPCRO—>
Thou F7 Y OMBNCKRIRTEEIZHE ST 2[31], ARF4&FES Licw R
> TR 2y Bpost- IV URICHEIE S IVD T ERHRE SN TWDN, £D
ABRERITIT LN SN TR, Flo, BHF U7 HEELTHMLND



14-3-3% /X7 EIZGPCRD 1 S Th 2 BIF IR LVE 255K (PTHR) D
RN CASRAEIRIZFE A L. PTHROMIE ) A~ JREE LA s & 32 &
B ST\ 5[32],

TNET, ZBIKGH RNV T VBRI DR 2 f /T OIFIEDH B )
ICENT&ET, 2O—FHT, IOV 7T MEEIIIRERE S LTV 2nE
S ORIEZ RV ENFHETDHEEZEZ LN TS, Bk L7218 Y . GPCRITAIZE
DX =7y e L TIEFICEERMEZHO TS, LERn-T, REHFAL M
(C SN TWIRWGPCRIAINE # 37 O REZ — > — D NI 5 Z LITA|
WrEZR D LTIFFICHETH D,

AWFFEIE GPCR > 7L ORIANIN 712 X D IEMERETE O fEIA 2 Bio L L
T, % 2 FETIZRGS9-1 D Goin \Z49 % GAP {EMEARLE X 71 = X L DFRIRIZ S
WT, 3 ETIEIGPCR O—2Th D brrR¥¥ v AaZHFEK (TP) IZHEA
THH L 7 & LT TP interacting protein (TPIP) % [F7E L, TPIP |2
L5 TP > 7l A B = X MO TR E2{To T,



%/ 2% RGS9-1 anchoring protein (R9AP) 2 Xk 5 RGS9-1
D G Fr A GAP TE Ml B8 K O & AL D 7 B

IR E /Lo & & ORI L0 MG ET 2GPCRTH H 1
R N EHAET 5, EHL Lica RV LS BICZ'BERGH V7 ETh
VG777 IV —ICRBT DT VAT a—2r (G) ZIEMHEIEEHE, HWT
¢cGMP & ZHR Y275 —F (cGMP PDE) M EMALL T, B A v B
U —ThDHGMPRfRIIND, EORER, MIaBIZ/FTET 5 cGMPEK AT
Na+tF ¥ FANH LD 2 &I X 0B 2 5, @ Mic L 0 LR o #&
Koo, EWEP B EN S, ZhPMBERMIICKT 2 005 TH D5, b
DIEFERICZE BN T I T A2 TIERKFE ST L2 &1E ROV 7T %
BT ATDICHERRIRTHY 2O T 7 FOFEIZRGSI-1DGAPTEMED K
XRBEEERIZLTVWAEEBEZ LTS, EEE, WRIESICRE N H 5 B
IZ BV TRGSY- LEE FIZARED I Ay AERW29IRNED Hiv, = OER
IZ £ W RGS9- 1D GAPTEM LB AR L2053 D LICHHADT 5 &0 5 HEDH
%[38], LU, in vitroD PR FEERIZI VT, RGS9-1D A4 TIIME TRl S
NHRE DR WGAPIETEIIMER TE 2 [22], 20 Z &35 RGS9- 1L D Goy

(2% 2 GAPTE MR ER 1 DERKE M Thiv, ZORER, U VMBS iRz
TRGS9-1 L HAKE T 54+ & L TRIAP (RGS9-1 anchoring protein) 7’
[ & i7-[84], ROAPIZAR2357 X Vb 720 . 4> Darhelix% 43I
BT %535, 36]l, FLCRIITHARMET X /a2 L < Gle— DETORRERE R A
A EALTWD, FBITEA_TEHRNESICRZE N H 2 BE oHIziL, RGS9-1E



GFOERLSMT, RIAPO 7 L—A 7 MNER (RE) WD SN L BE b
ABENTWAI[33], Hub [37]1%in vitro?D 52128 TRIAPHRGS9-1D GAPTEME
EDLZEEWME LTS, L, MldL~UZEB W TRIAPHRGSI- 10D
GAPIEMEZ IR 2 DI HOWTE, RIEMER STV, RIAPIIEEE R
AA O ENDL, MIEABEIZRGSI- 12 RESEDL Z RTINS, L
L. R9APIZ X HRGS9-1DOMfaEE~D RFIEL2 5, D X 9 IZRGSI-1DGAP
TEMEORES BN D00 RIZFEHMIZHA LTI T2,

RIAP @ RGS9-1 #aefilflkk Xz & % 5 L To—o2Dr[gEMEE LT, T4
KA 7RIS RIRE~ OB G RB SN T HIRE T 7 BT b b, 1972
1T Singer H[38]1%. NEE —HEfE X 0 e DMl D R &2 o 8 7 B EH IS
< EWVIIRENEY A 7 BT IVERE LIS, £ IO RE —PEE v 5 4%
RITEENTW e o7z, Bl Simons 5 [39IFHIIEMEEN Y — T2 & &R L,
IhEHATL260E LT HEEZ 7 M LW OMREZREB Lz, HOI3EE
77 N, RESNIEERSE LA BB 57200 “VaniE”  (raft) & LT

CBETIHEAL ZoRiIFz T AL TS, IBEZ 7 M, 21X
TRV AT 4 rAI Y U FERBICEATWDIY A 78 RAL U THD,

TR, JBE T 7 FoARN&EE S L TEEHR I N TWD DD —DI|Z,
SR D ORI 5HE L2 R D> 7 F IUARE R E @D D E V) mTh D,
MR AN 2 SRR & 520 7o, L0 RS 2R 7 uRE AR 357
DITIL, MIRERFR E LT — R ETIE R, TNEROHS N & HRE
ST U7 SR HAT & U COBEREN. L CO D RER S D, EEE. % < OHFER 1
DZEEL GPCR, —E#RBIWMESFEG X NVE, 2O T =7 X —5;
FTTHDLIT TNy 77— . Farrdh—8THDSre 77 IV —70 &,
SRR T T NBES FOIRE T 7 b ~OEEPRE SN T[40l 61
Nebl 5[411i% Gowo DIFE 7 7 MIJRTET 5 Z &2 #WE L TW5, RT-RGS IX



Git 7 7 X U —IZx LT GAPIEMEA R T Z ENMHNTND Z &2 b RGS9-1
S GAP {52 BT 2 72 D121E Gowo BFET DIEE 7 7 MIJRTET D L EN
bHEZEZBND, SHIZ, TDL X RIAP S RGS9-1 2 E 7 7 MIEMRS
5 ETHENOHEEEZA L TWAHRIEMENE X HILD,

R7-RGS 7 7 2 U —I% RGS9-1 LI4HZ RGS6, RGS7, RGS9-2, RGS11 75
WS, 2D RAAL UEBNET 7 IV —HTHFICLRESR TS (Fig.
2D, 2O, GGL FAA UL G EDFREBITHER RAAL L THY
R7-RGS IXHIZ GBS L DX A ~—L LTHET D LI Lo TH LRI BEDOR
EMEZRS TWD EEZBNDHI25,26,42], X512, RT-RGS A G5 £ 414~
—Z T L TO RN GRYIZELTWD Z & v, R7T-RGS/GB5 7% GRyD4n <
T2 B "G T 5 L DEFBEZ LN TND[48], £72. RGS RAA
NI GAP {EHRBUCMAD RAAL U ThHDHZ B bND, —J, DEP R X

DEP domain

AF107619mRGS6 1 :MAQGSGDORAV-GVADPEESSP - -NMIVYCEKIEDI ITEM] DDETGGVPIRTVESFLSETP 57
AF4593931hRESTS2 1 MAQGNNYGQTENEVADESP —— —- -NMLVYRIMEDV TARMODEENGT-PIRTVESFLSETP 54

AACO94BImRGSS-1  li------———MTIRHQGQOYR-PR--MAFLOKIE
AF493933 hRGSSL  li---—————-MTIRHQGQQYR- m——mm
AF035153hRES11 1i----—----MAAGPAPPPGR-FRAQMPHLR

VEDMONPETGVRM-HENQEVLVTSVE 47
B ALVEDMONPETGVRM-QNDEVLVTSVE 47
ERVVVSMIDEDQGVEM-RSQRLLVTVIE 49

AF107619nRGSE 58 : SVVTGETD IVOWLMENL ST EDPVEATHLGSLIAAQGY IF PI SDHVLT-MED DGTFYRE'
AF493931hAGS782 55 :SVFSGSDIVOWL IENLTTEDPVEALELGTLMAAHGYFF P SDHVLT-LEDDGTFYRE!
AACO94BI1mAGSY-1 48 HAMPGGDVLOWITQRLWI SNLEAQ-NLGNLIVKYGY ¥ PLODPKNLILEPDESLYRF
AFA93933 hRGSSL 48  HAMTGSDVLOWIVRELWI SSLEAD-NLGNF TVRYGY T¥ PLODEKNL TLEEDGSL

AF035153hRES11 50 HAVTGSDVVOWLAQKF CVSEEEAL-HLGAVLVQHGY TY PLRDERSLMLREDETPYRE'

——— Intermediate domain
AF10761%mRAGSE 117 ¥FWPSHCWEPENTDYATYLCERTMONEARLELADYEAENLARLORAFAREWEF IFMQAEA 176
AFA93831hRESTE2 114 YFWESHCWEPENT DY AVYLCER TMONEARTLELADYEARSLARLORAFAREWEF IFMOARA 173
AACHS94BIMAGES-1 107 ¥FWETOOWPAEDTDYATYLAEANIEEEGILE- - EYERENY DFLNEETNYFWDFVIMAARE 164
AF493833 hRESSL 107  ¥FWETQOWPAEDT DY AT Y LARANIEEEGILE- - EYERGNYNFLNQEMNYEWDFVIMOARKE 164
AF035153hRES11 109 ¥FWICSTLRPAAELDYAIYLARENIRERGTLV- - DYERDCY DELHERINHAWDLVLMQARE 166

AF10761%mRGSE 177 :QVEIDRERDETERE ILDSQERAFWDVHAEY PECVNTTEMD IRKCRALENED 236
AF493931hnes782 174:QAKVDEERDEI ERE ILDSQERAFWDVHREYVPGCVNTTEVD IEKS, 213
AACY94BI1mRGE9-1 165:QYRTCGEERNEADRY ALDOQEEAYWLVHR S PPGMNNVLDYGLDAVTNEN-——————————- 212
AF493933 hRGSSL 165 QYRAGEERNEADRYALDCOEEAYWLVHRCPPGMINVLDYGLDAVTHNFNEVE - —--———-——- 215
AF035153hRGS11 167 :QLRAARQRSEGDRLVIACQEQTYWLVNREFPGA PDVLEQG PORGSCAASR - ccmmmaax 216

| GGL domain
AF10T619mREEE 237 TEESQAQSPVH S)PIRE EDTREQTTFLNADIDRECLEMSEVAESLIAYTEQYVEY 2896
AF493931hRGE752 234 QNDIRSHSPTHTPTPETEPPTEDELOQQTRYWOIQLORERLEMSEVADSLLEYTEQYLEY 293
AACY94BImMRGSS-1 213.-—————————-----EVES AVEEEIMY ¥QQALMRSTVESSVSLGGIVEYSEQFSSEN 257
AF493933 hRGSIL 2161--————————————-VNQED VEEEIMYYQQALMRSTVESSVSLGGIVEYSEQFSSN 260
AF035153hRGe1l 217t ADFHEREIEYTFREALGRTRVESSVCLEAYLSFCGRRGEH 261



3 RGS domain
AF107619mRGSE 297 DPLITPAEPENPWI SDDVA FEFDEILEDVERDQFLEFL 154
AF4931931hRGEs752 254 :DPFLLPPDPESNPWLESDDTTFWELEAS FGMOEALEDEPVGREQFLEFL 351
AACHO4B1mAGSS-1 258 DATMEGCL PSNEWI TDOTDE NAF SELIRDPEGRQSFQ-¥F 316
AF493933 hm3siL 261 :mmaumnimmmm AT SELIRDPEGRQSFQ-YS il9
AF035153hRGE1]1 262 :DPLVSGCLPENPWI SDNDAY MITAT FSFRELLEDEVGRAHFMDF- 320

AF107619mRGSE 355 :ES-EFSSENLAFWLAVQDLEEQPLODVAKRVEEIWIEFLAPGAPSATNLDSHSYEITSON 413
AF493931hREST7S2 3152 ES-EFSSENLAFWLAVEDLEER PIKEVPSRVOEIWOEFLAPGAPSATNLDSESYDETTON 410

AACH94B1mRGSS-1 317 LEEEFSGENLGFWEACEDLEYGDOSKVEERAEET YELFLAPGARAWINIDGETMDITVES 176
AF4935933 hrES9L 320 :LEEEFSGENLGFWEACGDLEYGDQSKVEERAEEIYEKLFLAPGARRWINIDGETMDITVEG 379
AF035153hRGS11 321 :LGEEFSGENLSFWEACEELRYGAQAQVPTLVDAVYEQFLAPGAARWVINIDSRTMEQTLEG 3B0

—_——
AF107619nAGSE 414 (VEDGERYTFEDAQEHIYELMEEDSYARFLRENAYDIN LIAKE -~~~ -=====c==coax 455

AF493931hAGST52 411 VEEPGRYTFEDAQEHITELMESDSYPRF IRESAYDE EEEGANIPIF PCHENCTPTL 470

AACO04B1mRGSS-1 377 LRHPHRYVLDAAQTHI YMLMERDSYARYLESPIYEEMLA - -~~~ ——==mcm=mmcmamman 415
AF493937 hRES9L 380 LEKHPHRYVLDAARTHIYMIMERDSYARYLESPIYEDMLA - ——————— == == == mm—mmm 418
AF035153hAGS11 381 :LRQPHRYVLDDAQLEIYMLMERDSYPRFLESDMYEAL LA~ ~~======cc==ccccaaaa 419
AF107619mRAGE6 dEG:—----Rmnqmnmmmxmnmw .................... 490
AF493931hAGETE2 471 RASTHLL-=====s==c=cscsccsssc=c==a== mmmmemmmee 477
AACO94BImAGES-]1 dl6i=m=—mm=mmmcemmemm e mcmc e semcmameeae KATEPQETTERSSTLEFMARHL 4137
APE93923 BRGESL 419 1--=—m e e e e ———— FATEPQETTRESSTLEFMRRAL 440
AF035153hAGS11 420 (==—==========mm=m—m—=m————m——==—==-==---ERGTPLEMKRR--VFEFTWERPR 419
AP107618mREBE 4911 - 2
AFLSI9IIHRGETSZ ATH i mm e o o e e i 478
AACH94B1mRzE9-1 438 PV ILLE AT TOVMSELIRRSQL-—————-————— == {77
AFL193933 hRGSIL 441, DI TQPGQHMAPSPHLTVYTGTCMPPSPSSPFRSSC 500
AF035153hReE11  440. 7 VOSSR RUSRNSNSSRNSURISISUERY I -+ |
AP107618mRE8E 49112
AFA83931hEGETSE2 7B 1 —m e m e e e e - 4TB
AACHIABIMREET-1 ATBi———mmmmmm e m o - TH
AFL193933 hRGS9L 501.BSPREPFASPSRFIRRPSTTICPSPIRVALESSSGLEQRGECSGEMAPRGPEVTESSEAS 560
AFDISISINIA]] dEdi——————— e e e L
AP107618mRE8E 4911 -2
ARPLSI9I T hRERTED ATR ) e o T8
AACHSARIMRERY-1 ATB ) e o T8
AF193933 hRGSIL 561 LDTPWPRSAFRAPPEARMALSFERFLARGCLASPVFARLS PECPAVEHGRVPLEIVGRD 620
AFDIS1STRBEE11 QBB 1 —m oo oo __ 4H
AF107615mrGEE6 491 ---- — 481

AF493931heEsT7S2 AT8 ~——- T

AACHS4BImRGEES-1 4T r--- EEELPFFE 484

AFL93933 hRGSIL 621 LPRLESKRVANFFQIEMIVPTES GICLMDSEDAGTGESGDRATEREVICPWESL----- 674

AF035153hrGEE11 468 ---- -—- 468

Fig. 2-1 Alignment of R7-RGS family. RGS9L corresponds to RGS9-2 in the present
study. A box in the intermediate domain shows the insertion of extra amino acids in RGS6
and RGS7. The amino acid sequences of R7-RGS used in this experiment is following; mouse
RGS6 (GenBank accession number AF10761), human RGS7 (AF49393), mouse RGS9-1
(AAC99481), human RGS9-L (AF493933), human RGS11 (AF035153).
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A NTHIIEASOFEAICBEET 5 LB X LN TWDA, T OMEEIZHRIC S
TWRWVWORBIRTH D, EHIZ, DEP FAA & GGL R AA > OB ONTE
Bl DER ST S Fig. 2-1 1233 & B0 44 R7T-RGS O 7 X/ FRECA| O FH R
WS, BEEEIZ E < FIH TV R,

ZNET, RGS9-1 & RIAP L OFEAIZIZDEP KA A > OGN HRE ST
X7, Guang 5[37)1% GGL KA1 > X0 N Kl zZHIkR+ 25 2 & T, RIAP
(C& D GAP EMHREFEH N R o< D 2 L 2®mE L TWD, #5613 DEP
RAAL UBRERICEGE L TWD EBELTWDLR, ZOHE DEP RAA VB X
'GGL R A A v OBUAFAET 2 MAERSN OB G- b & E T X 77, S5 & 0L
[COW TR S TR,

R7-RGS O & L Tik, RGS9-1 I3 K B BL L, ROAP &
AT I ENMLNTWVD, —J7, RGS9-21XRGS9-1 DAT T A 7R
TR THY, CREHEENS RGS9-1 LV 191 72 VBEWESZFF > TE
D, BEEICTEHBLL T 5 [44-46], RGS6. RGS7. RGS11 & H#hik %

IR AL TWD Z &R BIL TV 5 [24, 25],

RIAP Focx U DB [FIE S 4L, MR RAICREL TV D Z &2l
ENTENB34], Flr, N VIZBWTHREBELIIMZ I8 < PR AR B L T
W5 Z E[36], EHIC, T ARIZEBWTH FRARGR T RIAP ORBN AL
DEVIMENREINTZIB6), 2D LD, FARMERICE VT RIAP &
RGS9-1 LISt D RT-RGS ENEA LTV D AlfEME S & 2 511, RGS9-1 L [FIERIC
GAP JEMEDHIE STV D ATREMED 8 5,

Z 2 TARETIE, ML ~ULIZEBT D RIAP O RGS9-1GAP &ML R %
HONZT D7D, ETZHEBRBMICED Gowe IEMELY 7 F MK T 5
RGS9-1, RIAP DI O TR Z R AT, 512, RIAP O GAP JEM:H
SRIERICKT T 20RE 7 7 FOBEG 26023 5729, RGS9-1 B LT RIAP
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DIFE T 7 b ~DRIEMEIZOWTIRET 2 A 7o, £72, £F RGS9-1 KEZE
HRAERL | RIAP & OFEAMEZFEMICTI~ND 2 L12 LV RGS9-1 OfEAEL
EEILICFELSMRFT Lz, 512, RGS9-1 LSt D R7-RGS & RIAP O AME
FIZOWTHETT 5 Z L2k v, fitd RT-RGS 12413 5 RIAP &4 L 7= & MEH]
HOFHEMEIZDONWTELET S & &b, RGS9-1 & RIAP DOFEAEBNLIZ DT
DEHRDIEREGD Z L2l R,
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2-2 EBRITIE

2-2-1 HROEEFE

NG108-15 i 0.45% 7 /v =2 — A &4 DMEM (2 5% FCS K OMA kL7 k
<A v (50 pg/ml) ~<=2U > (50 U/ml) Z¥M L. 5% CO2 f#7E F. 37°CT
4% U7z, COS7 #ifiX Dulbecco’s modified Eagle’s medium (DMEM) #5H#i1iZ
10% fetal calf serum (FCS) YA b L7 h~A > (50 ug/ml) ML, 5%
COx fFE T, 3TCTH#&E LT,

2-2-2 75 2 I F{EHL
BH# 78D C Kimll GFP k3 5 WiFLEila g si~r ¥ — L L,
pEGFP-N1 (Clontech) % fi 7=, RGS9-1 FULL/pEGFP-N1. RGS9-1

D/pEGFP-N1. RGS9-1 DI/pEGFP-N1. RGS9-1 I/pEGFP-N1. RGS9-1
GR/pEGFP-N1 /% RGS9-1/pHM6 #5 > 7 L — k& LT PCR K&IC & v 7
L7ce 774 ~— XN ENMIREERENL & LT EcoR 1 BAI KON Apa 1 Bl
EatebDEeE L, &EtLEE7 74 ~—13LL FTo@Eh Th s,

RGS9-1 FULL/pEGFP-N1
5-GCGGAGAATTCGAATGACGATCCGCACCAAGGC-3
5-CATAAGGGCCCTCTTGCTCATGACCTGGGTGATG-3

RGS9-1 D/pEGFP-N1
5-GCGGAGAATTCGAATGACGATCCGACACCAAGGC-3
5-GAATTAGGGCCCGCGTCTGAATCGGTAGAGACTG-3

RGS9-1 DI/pEGFP-N1
5-GCGGAGAATTCGAATGACGATCCGACACCAAGGC-3
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5-GTCGAGGGCCCGGACAGTTTGTTTCTTAACTTCG-3’
RGS9-1 I/pEGFP-N1
5-CCGTCGAATTCCTCCATATTTCTGGCCCACGCAG-3’
5-GTCGAGGGCCCGGACAGTTTGTTTCTTAACTTCG-3,
RGS9-1GR/pEGFP-N1
5-CCGTCGAATTCGCACTGCTGTCAGAAAAGAGATC-3
5-CATAAGGGCCCTCTTGCTCATGACCTGGGTGATG-3

PCR )& 1% PTC-200 Peltier Thermal Cycler (MJ RESERCH) % >, PCR
% 32121% PfuTurbo® DNA polymerase (Stratagene) %\ 7z, 54172 PCR
PEMZ KGR L, EcoR 1 ¥ Apal THIBTL, 622U ® EcoR1 LT Apal T
G L7= pEGFP-N1 (T A L72, 7 1 7 —3 3 > UL Quick T4 DNA Ligase
(BioLabs) #HWT=HIETI10KFHA v F 2 X—F 52 L TITo7,

2-2-3  UK14304 #li#ic L 2 ERK1/2 V b ogt

NG108-15 #ifid & 5 x104 cells/well T 12 well plate |Z#&FE L | 24 B[4
KT TAIRDNARZ N T A7 27 v ay Lz, HAn=77 A3 KDNA I
HA-RGS9-1/pHM6, FLAG-GB5L/pcDNA3.1 (+), %7213 myc-ROAP/pcDNA3.1
) THY., TNENHAEDETHWEZ, RGS9-1 1L G5L L HIZH A ~—%
B L. 2B Z T ERENICET L EOMENRDH D Z &b 42], AufF
ZETCIEHIZT RGS9-1 & GRSL Z[RARFIC N T v A7 =/ va v L, £/, b7
VAT a Al D DNA &iFA U — R EEERNWERT X —Th D
pcDNA3.1 (+) THIIE L. ## 300 ng/well & L7z, 7 A3 FDNA 1 ug %
Lipofect AMINE™2000 Reagent 2.5 ul &4 L. iR T 30 A > F 2 ~X—

Varv L BEEAT A ULIMA TR N AT 2 v ar Lz, BT
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VAT 2V va 24 K1, FCS 0.1%% A DMEM %7213 Z #uiZ 100 ng/ml
PTX #Mz7=bDICE#R L, &51C 24 K%, Tyrode-HEPES solution
(137 mM NaCl, 2.7 mM KCl, 1.0 mM MgCl, 1.8 mM CaClz, 10 mM HEPES,
5.6 mM glucose, pH 7.4) IZEH#H L. 37C. 10 57 LA »F 22—k L2tk
UK14304 (1 uM) T 60 sl L=, =Dk, EiE%E# 7 AL — b L, Laemmli
TNy 77— (75 mM TrissHCl, 2% SDS. 15% glycerol. 3%
2-mercaptoethanol, 0.003% bromophenol blue, pH 6.8) 100 ul [Zi&f%E L 7=,
P T E 95°C T b M DOIMBEN 1T > 721%, 11% SDS-RU 727 VL7
N7z WCEERE (100 V) TEXIKE LZ, 0Ok 2-2-4 [ZH#E L HIEIC

FoTU=RZ U TayT 4 T &2IToT,

2-2-4 SDS-PAGE MOV = RZ Ty T 47
ERIKENR DY > 7L % polyvinylidene difluoride (PVDF) fE~v = » Rz

k7 A7 7 —4EE (MIGHTY SMALL TRANSPHOR, Amersham) % T
NFvATZ7y—Ll, 7oA77 —L7% PVDF % 2% AF LI L7 54
TBST (10 mM Tris-HCL, 100 mM NaCl, 0.05% Tween 20, pH 7.4) % H\»
TERCTIRH T oy F 7 L7k, 2% AF LIV 7 54 TBST THR LT
RUIOR LI —kEUATENREN 4C, — A o Fa—T a3 v %&FT -7, PVDF
5% TBST THiE%., 2% A ¥ L IV 7 54 TBST THIR LY e~
F 4 —¥ (HRP) i~ v A IgG ik, £7213 7 ¥ IgG Hilk & =i
T 1 WA v Fax—a o LK, EFREHREF v b (ECL™ Western
Blotting detection reagent, Amersham) % T, HRP tEIZ LW AU
BFFI AL F R 7 « v & (HyperfilmECL, Amersham) (Z/&) ST
frH L7z,
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Anti-ERK polyclonal antibody 600 fiF

Anti-p-ERK polyclonal antibody 1000 %
Anti-HA monoclonal antibody 1500 %
Anti-HA polyclonal antibody 1000 %
Anti-FLAG M2 antibody 1500 %
Anti-myc monoclonal antibody 1500 %
Anti-myc polyclonal antibody 1000 fF

Anti-Flotillin-2 monoclonal antibody 2000 %

Anti-Goi polyclonal antibody 1500 %

2-2-5 ¥ 3 WEE T AR LA
voa MR AR DEIL, Q2B EBICL T L 1247272, T7b B, 150

mm 7 A =2 COST Ml L, 80% 2 7/bx MIRLHETHEL
72tk, 77AIRDNAD N T AT =V v arwfiolz, 77 A FRDNA X
RGS9-1/pcDNA3.1 (+) 1.5 ug. R9AP/pcDNA3.1 (+) 3 ug. ROIAPAC (AA 1-212)
/pcDNA3.1 (+) 3 ug. G5L/pcDNAS.1 () 3 ug = Z N kA E D THW I,
£-FE DNA # A58 TS L. DNA 1lug 2 FUGENE 3 ul LiR& L. =i
T30 DA v Fa—a LIk, BiRAT A VLK 2 2 ThT >
ATz varviiiol, NIV AT =7 v aryhb 24 W%, Milac T o —
72| L, Tyrode-HEPES solution T 2 [EI¥E#E L7-, P L7=/fEIC 1 ml
® lysis buffer (0.5 % Triton X-100, 50 mM Tris-HCI1 (pH 7.6), 50 mM NaCl,

5 mM EDTA, 1 mM NasVOs, 5 mM NasP207, 1 mM PMSF, 10 ug/ ml
aprotinin, 10 pg/ ml leupeptin, 10 ug/ ml antipain) Z ¥ L., BEHLE (15
IR T 5 I DI Z 4 [B]) % Lo, 4CTHEE LN D 1RHA o F 2

— h L7z, 2D lysate (Z 60% (w/v) sucrose # %2> L 7= STE buffer (50 mM
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Tris-HC1 (pH 7.6). 50 mM NaCl, 5 mM EDTA. 1 mM NasVO4) 3 ml Zhlx
FERy T 47 L BEROUAOF 2—7 I AN, £ EIZ, 35% (w/v)
sucrose Z 5 L7= STE % 4 ml, IR\ C 5% (w/v) sucrose Z¥57> L 7= STE % 4
ml FEZELINREIICERE L, ZhzizEol XL-90, BECKMAN) (2 X
D SW41Ti v —% —% v T,4°C. 200,000 x g. 16 F§[z.0 L, #& T # gradient
D LS 1ml TO8H L, EEE Y fraction No.1-12 DH 7 /L & L, -80C
TIRAF LT,

2-2-6 o LA
COS7#ifld%a 60 mm 7 4 v v = TR L, 80% 2 > 7/ MNMZ7p b E ThH;

BLIEB . FHETIAIRDNAZ NI A7 2/ v ar Lz, 7723 KDNA
I HA-RGS9-1/PMH6, HA-RGS9L/pHM6, HA-RGS6/pHM6, HA-RGS7/pHM6,
HA-RGS11/pHM6, myc-ROAP/pcDNA3.1 (+), myc-ROAPAC/ pcDNA3.1 (+) X
® FLAG-GB5L/pcDNA3.1 (+) . RGS9-1 FULL/pEGFP-N1 ., RGS9-1
D/pEGFP-N1. RGS9-1 DI/pEGFP-N1. RGS9-1 I/pEGFP-N1. RGS9-1
GR/pEGFP-N1 # fl\ 7=, DNA # |3 HA-RGS11/pHMS6 (% 250 ng.
HA-RGS9-1/PMH6 . HA-RGS9L/pHM6 . myc-R9AP/pcDNA3.1 (+) .
myc-ROAPAC/pcDNA3.1 (+) K& X FLAG-GB5L/pcDNA3.1 (+) X% FHh 500
ng . HA-RGS6/pHM6 ., HA-RGS7/pHM6 ¥ = L €4 1 ug. RGS9-1
FULL/pEGFP-N1, RGS9-1 D/pEGFP-N1. RGS9-1 DI/pEGFP-N1, RGS9-1
I/pEGFP-N1, RGS9-1 GR/pEGFP-N1 iz ZhZh 1.5 ug flv 7=, 7% DNA %
HAADETHEA L, DNA1 ug 2% LT FuGENE 3 ul 0E[4 TRA L., =ik
T3 HHA v Fa_— g LEE BEAT A VLZRINT52ETRI v
AT 2V arEiTol,

N UAT 27 v a ik 24 KR, filda Tyrode-HEPES solution T 3
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[E%EE L7, YE L7 fliE 2 400 ul @ lysis buffer (150 mM NacCl, 0.1% NP40,
1 mM PMSF, 0.01% aprotinin, 20 ug/ml leupeptin, 20 mM Tris/HC], pH 7.4)
T1.56 ml Fa—7IZEUL L, 23G DIEHEFT 10 FIHLANT D Z LIT XY
faZz il L7z, %5417 lysate & 4°CT 1 BEREHR S BN 54 o F 2 X—
3V E(ToT, ZDk, 4°C. 15,000 x g T 15 4rfiim O L, ML & hiedo
TWrh ZkRE L, EEEBEI L7, WIZ, lysis buffer T FEfi{l L7z 20 ul
DT T —AE—XFEEH mycHiKZ M4 T A4CT—MBiA > Fa—Ta %
{77z, EIEZMENE., lysis buffer TP A n— A —X% 5 EPEHEL. 7
NNy 77 —%MA 95CT 5 B 21T -7z, Tk, BEXIKE (11%
SDS-PAGE) L. 224 CHELTHEL Lo TV = RZ T nyT 40 T & 7o
7o

2-2-7 BA-1-BLSAE [F AT
AWFZECHW=4 R7T-RGS Oi&fs 4% NCBI (National Center for

Biotechnology information) @V =7 A b XU a— KL, Zhb%iE
A ESNENT Y 7 & (Genetyx Win ver 4) % F\WCHFEMEMAT 21T > 72, AW
7= i85 -5 mouse RGS6 (Gene bank accession number AF10761), human
RGS7 (AF49393). mouse RGS9-1 (AAC99481), human RGS9-L (AF493933),

human RGS11 (AF035153) T&h %,

2-2-8 A

AWZRIER OIEALIIU TFOLEBY Th D, 0.45% 27 /v 22— 254 DMEM,
FCS. UK14304, #i FLAG M2 #itf&, 1 HA $it/& (rabbit) X Sigma Aldrich
Japan > HEA L7, DMEM 2= v A A BEEA LTz, 70 —AE—XfES

Plmyc £ / 7 0 —F LA c-myc (9E10) 1% Santa Cruz Biotechnology 7> & i
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AL 7., Bl GFP #i & (mouse) (X Clontech 7 & I A L 7=,
Lipofect AMINET™2000 Reagent, $T myc Hif& (mouse) IZ Invitrogen X U i
A L7z, #t ERK1/2 fiiff (rabbit), # p-ERK1/2 #ii{f (rabbit), #i flotillin-2
Pk (mouse) % Celluler Signaling technology 7»5 A L7-, FuGENE 6
Transfection Reagent | Roche 2B iEA L=, Z O ORIEIZ OV TILTHTRD
Rk 3K & 2 WIXZICHET 2 b 0 & vz,

2-2-9 T — X fiRNT
EEFERIZOWTIE, EE (mean) =HE#ERE (S.E) TR L., AEERE
I Tukey D 2% 8 bk 2 W THENT L 7=,
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2-3 R

2-3-1  Gi > 7 F V%9 LT extracellular signal-regulated kinase 1/2
(ERK1/2) @V U fbizxid 2 RGS9-1 T, RIAP I %

RGS9-1 ® GAP {EMEICx T2 RIAP OIEHEIEM L, in vitro O TR EHR T
DEITH 523 [37], HIFL L~ B W T E ST, #iRE T L
fal LTasns NG108-15 fAEZiE, Gue HEARIOT K LT U o RN
FH LTV 5[48], RGS9-1 13 in vitro DRIZE T Gow IS D Gyo 7 7 2 U —
23t LTH GAPIEMEZ R T Z ENHEINTND Z &6 [37], ML~

BT D Gy > 7 ikt d % RGS9-1 OER & Z k4% RIAP O#EIZD
WA 2 2 & 2 A7, NG108-15 A HA Ei# RGS9-1/PMH6
(HA-RGS9-1). FLAG #Z#% Gp5L/pcDNA3.1 (+) (FLAG-Gf5) X% myc #=7k
RI9AP/pcDNA3.1 (+) (myc-RIAP) Z —iMEIZ LS, o BIKT A=A T
&% UK14304 (1 uM) T 2 ZpMHI¥ L7 RRIC A S 415 extracellular
signal-regulated kinase 1/2 (ERK1/2) ®V VLN IG%E Guo 0T D v 7T v
DOFEEL L, Tk 25 RGS9-1, RIAP IZ L 5B A Mt L7e (Fig. 2-2),
R B —DIHE NT ATy vay LM TIE, UK14304 #H#IC X0
ERK1/2 ®V VAt 3 R &7z, ZOEHD PTX BIALERIC L 0 il S 47z
ZED, Gio KTFEHRNKIGETH D Z & &R LT, —J, UK14304 12X %
ERK1/2 U U 2{bIZ RGS9-1/GRSLFEHLT L VA E TIXZR W MEDNZHNH] 3 5 R
MRH LI, EHIZ RIAP ZHREH S5 &, ERK1/2 VU U LIXBAZE 1THD
fl &=, £72. RGS9-1/GP5L 35 L X RGS9-1/GRSL/RIAP DB, #rikifk
fEIC31T 5 ERK1/2 U U IALIRRBIZIZ B 2 7o b S o Tz,
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PTX

UK14304 - + - +
P-ERK 1/2

ERK1/2 | —~—
RGS9-1/Gp5L - + -+ o+ -+ _ 4

RIAP .+ .+

120
100 |
80 |
60 |
40 |
20 |

(% of control)

Phosphorylation of ERK1/2

Fig. 2-2 Effects of R9AP and RGS9-1 on UK14304-induced ERK1/2 phospholylation in NG108-15
cells. (A) NGI108-15 cells were transfected with  HA-RGS9-1/FLAG-GBSL  or
HA-RGS9-1/FLAG-GBSL/Myc-R9AP or empty vector (pcDNA3.1+). Twenty-four hrs after
transfection, cells were pretreated with or without 100 ng/ml PTX for 24 hrs, and then they were
stimulated with UK14304 (1 uM) for 2 min. Each sample was separated by 11% SDS-PAGE, and
Western blotting was performed using anti-phosphoERK1/2 antibody and anti- ERK1/2 antibody. A
typical blot is shown from three independent experiments. (B) Phosphorylation of ERK1/2 is expressed
as percentage of the phosphorylation to UK14304 alone. Each column represents the mean with S.E. of
three determinations. *Significant difference from control (P<0.05).

2-3-2 JBE T 7 bW EIT D Gowoe JRTENED RS

WIZRGS-1 DX —47 w FE722 Gowe DIEE 7 7 M ~OEFREZMFTT 5729
2. JBEZ 7 FORBITICB W T I NS & a BB EARE ALY | IBE
77 MESGOHRBEZIT o7, ZOHEICZEWNT, IFET 7 FESIEY 3 FEOK
B & P R Sy OB RIS IR S B3, BIEOEOT 2 — T NITIT Y 2 b
BERICHST 54, 57T 7 a it na b REEsh, Zohic
FEE T 7 MCEML T D2 o7 BIREREIN SN TL 5 (Fig. 2-3A), #

ZT. ARHEEAWT COST Ml bIREZ 7 Ml Z B L, IREZ 7 b~

N
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( « _w P )
L3 EEREARRDE Fraction No.
Lysed by Centrifugation at ;
0.5% Triton X-100, | 5% | 200,000xg, 4°C 3
at 4°C, for 1 hr for 16 hrs 4 Lipi

5 | ipid rafts
@ ﬁ 35% > g
8
9
COS7 cells 45% 1‘1’

\_/ \i2/

FractonNo. 1 2 3 4 5 6 7 8 9 10 11 12
Flotillin-2 -— e A e &

Gayyo

Fig. 2-3 Localization of Gj,a in the lipid rafts separated from COS7 cells. COS7 cells were subjected
to isolate lipid rafts by sucrose density ultracentrifugation. (A) Equal volume of each fraction was
separated by 11% SDS-PAGE (B) Westernblotting (WB) was performed using anti-flotillin-2 antibody
and anti-Ga.;, antibody. A representative result was shown from three independent experiments.

— 1 —4r 1 To 5 flotillin-2 &£ RGS9-1 DX —57 v hTH D Gawyo 2V = AKX
TuyT 4 BB LT,

ZORER, BEZ 7 h~—D—Th 2% flotillin-2 I%, 4, 5 777 > a |4k
HLTWD Zen@igish (Fig. 2-3B), IREZ 7 P4 KRB 7T 7 v a i
AR ENTNWD Z EEHR L, SHICZ0L & flotillin-2 & [AEEIZ, RGS9-1
DE—2y hTHD God 4, 5 777 ¥ a O TRV R E L THEIE
i, BEFO#HA[411Ic—3 LT COST7 MW T HIRE 7 7 Ml LR
LTCWbHZ EaR LT,
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2-3-3 RGS9-1 X RIAP DIEE T 7 s ~DJHEVED G

Wiz, RGS9-1 L} RIAP DFE T 7 b ~DRfE&E Mt L7z, HA-RGS9-1,
myc-RIAP @ cDNA % HdH H W NI F T A7 =7 v 9 > LTz COST Hilg
ND, va EEEAREMECEIVIEET 7 MRS ESELTY = A ¥ 70
T4 T BT, TR, HARGS91 O A2 KB I -54A,
HA-RGS9-1 I3fFEZ 7 MBS Th D 4, b 777 v a VITITEBE Lo T
(Fig. 2-4A), —F. myc-R9AP [ZHMCTIRE 7 7 MEIDICEML TW\WH 2 &0
BH &7 o7 (Fig. 2-4B), Rk X 512, RIAP O C Kl IXBKET 2/
BRI & A TEIEERENL NMFAET D, & 2T, RIAP OIFE T 7 MlEisr~DHEFE

(BRI B G L WD 0MRET T 5720, C RKIROEE @A 2 KE LT
ERIKTH 5 myc ik RIAP (myc-RIAPAC) % T v A7 =7 v a L, JIFE
77 NEGSDRIEIZ DWW TG L7z, £0RER., myc-RIAPAC IIEE Z 7 |k
Wy CTHbH4a4.57T7 7 v a  IEBEPRODLNRN-T2Z s (Fig. 2-40),
RIAP DIFE T 7 b ~D Rt C Rl E @A OB G- sl —J.,
RGS9-1 & RIAP [FHRENHE AR ETEM T 5 2 Lind . T2 K-> T RIAP 8
RGS9-1 DRIEZNEE T 7 b~ LB WML EBE X b5, £Z T, ROAP #4r
L7 RGS9-1 DIFE T 7 b ~DREZ AT 572012, HA-RGS9-1, myc-RIAP
%z COST Ml R BLSH, K54 O TOIRET 7 MBS ~DJFHEIZ DN TR
FtL7c, ZOfEE., RGS9-1 1% RIAP LILRBISHLHZ LIk - T, IBET 7
NESTHD 4567772 a b EBBRDOLND L DIk -7z (Fig. 2-4D),
—7J7. myc-ROAPAC TlE, RGS9-1 DIFE T 7 Ml ~DEFITI R Hh7ehro
7= (Fig. 2-4E), LA EX v RGS9-11ZRIAP #/r L THEE 7 7 MZREIEL TV
D eI,
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fraction No.
HA-RGS9-1

Flotillin-2

fraction No.
Myc- R9AP

Flotillin-2

fraction No.
Myc- R9AP AC

Flotillin-2

fraction No.
HA-RGS9-1

Myc- R9AP

Flotillin-2

fraction No.
HA-RGS9-1

Myc- R9AP AC

Flotillin-2

Fig. 2-4 Localization of RGS9-1 and R9AP in lipid rafts. COS7 cells were transfected with (A)
HA-RGS9-1, (B) myc-R9AP, (C) myc-ROAPAC, (D) HA-RGS9-1 and myc-R9AP or (E) HA-RGS9-1
Twenty-four hrs after transfection, cells were subjected to sucrose density
Equal volume of each fraction was separated by 11%
SDS-PAGE, and Western blotting was performed using anti-flotillin-2 antibody, anti-HA antibody or

and myc-RO9APAC.

ultracentrifugation to isolate lipid rafts.

anti-myc antibody.

HA-RGS9-1 transfection
1 2 3 456 7 8 91011 12

A —

Myc- R9AP transfection
1 2 3 456 7 8 9101112

4

— —_— | —

Myc- R9APAC transfection
1 2 3 4567 8 91011 12

————— —

HA-RGS9-1/ Myc- R9AP transfection
123 4567 89 101112

HA-RGS9-1/ Myc- R9APAC transfection
1 2 3 4567 8 9101112

—— —————
S — —
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2-3-4 RGS9-1 L RIAP D& A D FEH 22 it

RIAP & RGS9-1 DFEATFBALIZI T D DEP R A A 8 KOS ERLS DB 512
SWTEEICRETT 5 728, C K2 GFP (green fluorecent protein) % 7 % fi
L7 RGS9-1 KIBZ (K (GFP-RGS9-1 KIBZRIK) DIBINT & — % {Eil
L7z (Fig. 2-5A), fELL7=~7 ¥ —i%, 2K D RGS9-1 (RGS9-1 FULL), DEP
RAAL %A 5 RGS91 KA K (RGS9-1 D). I 1£ i 5
(intermediate domain) 721} Z 4% % RGS9-1 KHEZ FIK (RGS9-1 1), DEP R
AL v ENAERINEH T D RGS9-1 KIFAAFAK (RGS9-1 DI, DEP RA A v &
SAERLHI O )5 % K8 L7- RGS9-1 KA FIL (RGS9-1 GR) Th D, 1FRL
7= %7 GFP {27 RGS9-1 KIEA (K% COSTHMRIZ N T AT =7 v a v L,
Pt GFP ik Wy =22 0T my T 4 o ZIC KV BBLERR LI L 2 A,
ZHENRGS9-1 KL FEIA L GFP Dy FEOf & L CHE SN D HEE S T
IZXHS T DALEIS, X ROy Rpfgitiains 2 L =R L7z (Fig.
2-5B),

WAICHINE L ~LIZ BT 54 GFP-RGS9-1 KIAZ Bk LU myc-RIAP & @
fEOrEE, EREMRIEIC LV RET 5 2 AR-ATZ, 22T, TTIC RIAP
& RGS9-1 & OFEEITIE RIAP OMINFEIRAEE TH D Z LA BTN D
72®[37, Z 2 TiX myc-RIAPAC % AW TEREZIT-7-, &M GFP-RGS9-1
KA BARE L OV myc-ROAPAC % COSTHIIZ h T A7 =27 v a L. D
24 B¢fH# (M 4 NP40 buffer TrEEL L, HT mye HUEZ AW 72502 TR
L GFP HikZz Wi =R Z v T ay T4 v T 2i7To7, TORER
myc-RIAPAC IZT RTOY 7 /MZBNTAY R &, fREitlfEsn
WHZEEMR L F—25RET), 20L& GFP OZ Tl RIAP & DA
ERIZR NN EvB, RGS9-1 & RIAP & DA DR ML R LT
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e p
1. GFP 26 kDa
2. RGS9-1 FULL 77 kDa GoL ) )
3. RGS9-1 D  38kDa (DEP )GFP)
4. RGS9-1 | 39 kDa @
5. RGS9-1 DI  50kDa
6. RGS9-1 GR 53kDa (GaL )| )
\ J
B C
lysate L S P «pa)
1 2 3 4 5 6 (kDa) 1. crp F 1.6
483 ]77
J62
GFP-RGS9-1 3. D —_— 438
deletion mutant
o A N P
5 DI e — 450
8 =
6. GR |w==es 453

WB: anti-GFP ab

Fig. 2-5 The binding of ROAP to RGS9-1 deletion constructs. (A) Schematic structure of the RGS9-1
deletion mutants. DEP, Disheveled/EGL10/Pleckstrin domain; IM, intermediate domain; GGL, G protein
y-subunit like domain; RGS, RGS domain (see Experimental Procedures for exact boundaries of each
construct). Each construct contains an C-terminal GFP tag. RGS9-1 Full, full length RGS9-1; RGS9-1
D, DEP domain of RGS9-1; RGS9-1 I, intermediate domain of RGS9-1; RGS9-1 DI, DEP domain and
intermediate domain of RGS9-1; RGS9-1 GR, GGL domain and RGS domain of RGS9-1. (B) Expression
of each GFP-RGS9-1 deletion constructs in cell lysates. COS7 cells were transfected with each
GFP-RGS9-1 deletion constructs. Western blotting was performed by anti-GFP antibody in each cell
lysate. (C) Co-immunoprecipitation was performed by anti-myc antibody, and Western blotting was
performed by anti-GFP antibody. L, total cell lysate; S, supernatant after immunoprecipitation; P, pellet
after immunoprecipitation.

(Fig. 2-5C1), F£7=. &F RGS9-1 Itk #Em Y [34, 35]. ROAP & k45
Z AR L (Fig. 2-5C2), LLET. RGS9-1 @ RIAP & DiEA121Z DEP K £
AVNEETHL ERESNTEXEN, DEP RAA V2T, HD5 W TERS
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722 AT 5 RGS9-1 RIEL KT RIAP & Hitt4 (Fig. 2-5C3. 4). DEP

KA A 2 ENTERSI O T %2 D RIEE K (Fig. 2-5C5) TIZRIAP & OfHA

TERRBIEE SN, 612, DEP FAA > SMERLHIOM )7 4 KRB L 7o 22 FAK

Tix (Fig. 2-5C6), R9AP &3k Liginoiz, LLEDZ &5, RIAP &

RGS9-1 & DOFEEIZIX DEP RA A V720 THEAF5THY . DEP KA A B
O ERLH 5 DB -2 R STz,

2-3-5 R7-RGS & RIAP D& MEtEt

2-3-4 TRGS9-1 & RIAP L DfEAIZIX. DEP KA A D Rde & NIERLS
DEEMENEZ 2 BN, —J7. & RT-RGS ©O7 X/ BEESIOFEFIMEMHT 2 L 7=
EZAH, DEP RAA 026 RGS RAA UNZED ETEBIIICERSRIFINT
WAHA, ZOHF T RGS6 38 L RGST IZIFNMERS O /312 & B2 Z+HfE
TR BBMEASN TS Z ERHLMNIC -7 (Fig. 2-1), = Z TRGS9-1 LA
44D RT-RGS & RIAP & OFEAYEIC DWW T HMRTT 52 iz kv, RGS9-1 &
RIAP & OFEETEIIC O\ T OFEMRE Mz 1G5 2 & 2l iz, 7725 COST
AMAEIC HA #2258 L7 4FE R7T-RGS X1 myc-RIAPAC %2 N TV AT =7 g v
L. #lmyc Pz AW 0Eitk, SO HARKEZH W -y =A% 70
YT A4 I EY . WA OHEERIZOW TN LT,

ZORER, HH RT-RGS # T A7 =7 v a v LiEfiicB T, e
NHEE S FEIC AN RS s 2 & 2R L7z (Fig. 2-6A), —J7. &TD
WY HIZ myc-RIAPAC D/3 2 R S 41, myc-RIAPAC 23k S
TWbZ EamMR L7z (Fig. 2-6B), £72, RT-RGS ® 55, 2-3-4 (TR LT
RGS9-1 #7253 RGS9-2, RGS11 & RIAP LILiL¥ 5 Z LB 60725
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7273, RGS6, RGS7 TIiZ RIAP & DFHAIEMIZR bi/eh -7z (Fig. 2-6B),
VI LEDORER LY, RIAP 1T RGS9-1 LIS H RGS9-2, RGS11 &HHT 52 &
MBI 5 T2, MERSI O R S A RGS9-1 L [AFEE TdHh H RGS11 28 R9AP
LREAT DO L, MERSIOE S8 X 0 RGS6 KT RGST TltiEA 2
RoniehrotzZ b, RIAP & RGS9-1 OfEA 121X, RGS9-1 #1 DEP R
AA L DHBROLTIAERSN G EETHDH Z & DRE ST,

A
HA-R7TRGS 6 7 91 92 11 (kDa) . N
[ 83 RGS 6 52 kDa
60 RGS 7 54 kDa
—— 47 RGS9-1 53kDa
RGS9-2 72kDa
| RGS11  50kDa |
B
RGS 6 RGS 7 RGS 9-1
L s P (kDa) L s P (kDa) L S P (kDa)
HA-RTRGS |wm e |, - 47 —] -
Myc-R9AP — 25 — 05 . a5
RGS 9-2 RGS 11
Lt S P s S P o
HARTRGS s e | 47
Myc-R9AP w25 e — 05

Fig. 2-6 Co-immunoprecipitation of R9AP with R7-RGS family. (A) COS7 cells were co-transfected
with myc-R9APAC and each HA-R7-RGS. Twenty four hrs after transfection, cells were solubilized,
and Western blotting was performed by anti-HA antibody. (B) The cell lysate was immunoprecipitated
with anti-myc antibody, and Western blotting was performed to detect each HA-R7-RGS with anti-HA
antibody. L; Total cell lysates, S; Supernatant after immunoprecipitation, P; Immunoprecipitates.
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2-4 EZ8R

ARFETIZET, MIL~UZEBT D G ¥ 7Tk T 5 RGS9-1 & GAP
ELTOERE. Zhicxid 2 RIAP OEENZSOWT, 7 KT VU vos ZRIK
i L7z ERK1/2 OV Vb2 I L TRt 2 T o7z, S 6I2, IREZ 7 b
%9 % Goio. RGS9-1, RIAP D BIEIZ DWW THRFITT HZ L2k, RGS9-1
D GAPBEREIZ %92 RIAP DAREIEHIEREIC DWW T B NNCT 2 2 & kAT,

NG108-15 Mgz 7 KL F U v o T REKRORINNT T =X FTh %
UK14304 CTHIM L7=& 2 A, PTX &= ERK1/2 OV Uil Z » 7 2
EnD, 20 ERK1/2 U UEBEIE Gie N L CAELDRUSTH D Z & 2R L
7= (Fig. 2-2), RGS9-1 %2 F 7 v A7 =7 ¥ a > LIz#la Tk ERK1/2 ® U g
L ZAEDNZINHIT DEAM N D NN A RERZETII R > 72, —JF . RIAP %
RGS9-1 & HITHRBL I 5 Z LI L - TUK14304 flFIC £ 5 U ik o il
TERNXBAZE 12BNz, BAAT Hu & [37HE A TAYIC/ERL L 72 IR —H g o/ hMalc
KL L7= R9AP, RGS9-1, rhodopsin, Gox 72 E DX L7 E A FRER L,
MR ET VAER LTz, 20 in vitro SAIITE 7 /LI T RIAP 28 RGS9-1
D GAP IEMEA T 5 2 & W5 LT\ D 28, AWFZEICR W TR bz it i
Hu 512 L » T Sz in vitro TO RIAP (2 & 5 RGS9-1 D GAP jH AL
TERS, FERICH L~ VZB N THEZ > THWHZLEAR LTV D, —77,
RIAP ZiVH & Tik GAP {EM A R 72 2 L2025 [85], ROAP O GAP TEHE(E
HERERE - LC. 2N ETIE RGS9-1 #MlaEICEET 22 Lickd B b
T& T, ARFETILE HIZHAIAAL T, RIAP 1L RGS9-1 O JFTE % MfafEE+ o
fBEZ 7 b~BEETHZ EEH LM LT, Neblt 51X R7-RGS ¥ —% v~ b
T2 Gae WHIFUEY 7 R AL U CHDHIRET 7 MIRET 22 L 2@E LT
WA [41], FEEE, AFEICB N THHE L OWMEBEY . Gy 1FZDIFEALENIE
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BT 7 NESICERET S Z EAMERTE T (Fig. 2-38B), 2O Z &b, Gowo &
mHE 325 RGS9-1 bRE T 7 MIRTEL., HMREAFBLT 2 ATREMER B 2 b
7=, % Z T COST filic HA-RGS9-1 1 X ¥ myc-RIAP % — i ZH Bl S w7z
%, ¥ a BEREARE EIZEVIEE T 7 MESORBEZ1TVO, RGS9-1 BXL O
RIAP MFE 7 7 MHESICER L T D0 it 21T o 72, £ OfER, RGS9-1 H
MCIINRE T 7 MEICER Lo 72 (Fig. 2-4A), —J7. RIAP (ZHIL T
FE 77 MIRET 2 Z LBl (Fig. 2-4B), IBE T 7 MIEMT 5 ¥
YoRZEELTE, IBEEHSCGPL T U — 52 H T 50 HE SN T
W5[49-51], L2vL, RGS9-1 X2 DL 9 AFliRZEMII I T2 &8
s S TR Y [62] AFFEICI VT RGS9-1 BMIEE 7 7 MEIIZER L720-o
TRERIIZoHE E—%T 5, —J7. RIAP 1% C KimDEEBENAL 2/ L CHl
FROBBICIFET D Z E MG ST\ 5([34, 37, Fig. 2-4B ot Xk oic, &k
RIAP (IMEE T 7 FHEIS~DOERN R D723, RIAPAC TIFER L TV 720
>7=Z e n (Fig. 2-4C). ROAP OIEE T 7 b ~D RTEIZIB W CEEE B AL O
FIENNLETH D Z ENTRB Iz, EHIZ, RGS9-1, RIAP #ILHHL &5
&, RGS9-1, RIAP HITEE T 7 Ml ~DEEMBBIE I ND L )Tk o Tt
(Fig. 2-4D), 97205, RGS9-1 M TIINEE T 7 MIRfET 5 Z &M TX 220
2. RIAP DMFEET % LEGREMT 28R, IBE T 7 MIRET D 2 &
AREIC R o el L b S, ZHuzxt L. ROAPAC (213 RGS9-1 D JRHE~D
AT oo Tz (Fig. 2-4E), Z D Z L%, RIAP M E @A Z I
BE T 7 MIEMTHZ L, 512 RGS9-1 DJFHTEN RIAP I L W ikE S,
MEE T 7 h~eBITTHZ LR LTS, L LA, RIAP NEE T 7
itk L CRIET DB, EDOXIRES T T MIIVHEESH TV D D)
ICOWTIEHABROMPMPILETH DL EEZLND,
B DRERNS . ROAP @ RGS9-1 {H e AL, RGS9-1 #IEE T 7 |k
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ICEMSEDZLICEY Gowo ENMEMICHST L CRAET DMERE LA S+,
Goio 12X LTI L GAPEMELZ R T Z ENARRICR D7D EEZ BD,

JREZ 7 MIBI Y A F I v ZICERE REZ BV KT Z Enmbh, 36
WZHEE 7 7 MZRIET 252 /87 O T, B X 0 BERAHIE S 5 &
YRIBEHEE L RE STV AI53], ABFSETIE. fEIIREBIZH T D RGS9-1
& RIAP DIFE T 7 b~DRIEMEZRE LTZ Guo 2T 2V 7T Mc & » T
RGS9-1. R9AP DJFE T 7 b ~DR{EMNEb a2 Z 3 rlietk b E 2 b D,
F72. PRC, PRALR EDFFT—ENIEE T 7 MIRET D2 & blESINTE
v [54, 55], RGS9-1 ® GAP #1412 PKC, PKA 2 ED v 7 FA1ic kb v
AL E LTV DA b B X biLd, 4% S LR 5HMFHT K - T, RIAP

9% RGS9-1 OIEMFMEHEMENA SN2 b b0 L Bbivd,

LIET Hu 5[37] 1Z. GGL FAA > L0 N Kigflz R SEHZLick-T
GAP {EMEICHTT % ROAP OEBNR R SN 225 Z L 2 L, RIAP & Dk
BIIEIDEP RAA UNEETHL EBLL TS, LarL, ZO8H., KIBHE
MLIZIE DEP R A A > EATERSINE £ 5 T2 DHIIZ DEP R A A v D%
RTWB DI TlEie, &2 TARETIE, RIAP IZx4 5 RGS9-1 OFEAHHL
DFEMZEB SN T 572D, K RGS9-1 KL R4 ZER L (Fig. 2-5A).
IR L 0 TR0 RIAP & OFS A2 R L7z,

COS7 #lEiZ myc-ROAPAC & 4-Ff GFP-RGS9-1 KIAZE Bk % HAg Bl S|
Pl myc FUAR TR L& Z A, 25 RGS9-1 IIEROHEE Y RIAP L It
T 52 L xmER Lz (Fig. 2-56B), —F . DEP KA A » EN{ERSIE T 2 H T
% RIAZEFARII AR RGS9-1 [Al4k ROAP L3tk L7278, DEP RAA V2124
T 5 RBERMKITIEIE L2072 (Fig. 2-5B), ZOfERNS, 2 E TOWE
IR Y DEP R A A V7210 TIZRIAP ~DFESTEN 72N 2 L DR T,
S DT, SHERAIIZ T 2 A4 5 RBERE, KO DEP FXA A > &I el %2 K
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B U REERARITIE Lo 72 (Fig. 2-5B), 2D Z L1d, RIAP L OfEA
IZIXDEP RA AV ENERSIOBMENRMLETHDHLZ 2R LTS, ZIET
R7-RGS #BRICHB T D2NTERSI O BRIZOWTIIRHTH - 7o h . AAFZEIZ L
D A AEBECYIZ DEP R A A > & 462 ROAP & OMAMEMICEETH S Z L IVER
Iz, L L, AEO X D e REAEREEZ AV TRES A R 2581213
MO TARKD FA A U HEEEZFHH L TWD ZENFHRE D, 2D
RGS9-1 & RIAP OFEA T ORIEITIT AL BILZER L, X 0 5 mitn
VETHLEEBEZOND,

—J5. Fig. 2-1 1930 . RT-RGS 7 7 2 U —(34 K A A U IEH I &
FMEZRIF LT\ 5, LorL, RGS6, RGS7 DA{ERLS 1M D R7T-RGS 2k~
% & BRI E VY, Fig. 2-5B I2BWT DEP R A A 2z, MTEELS
RIAP & OfAEVEICEAL T 2 Z LAVRER SN/ Z LB, 5 HifHO RT-RGS &
RIAP & DfEAMEE AL MNCT D Z & T, RGS9-1 OFE G EL O FEM 2 B3 5
N RN

COS7 #illZ myc-ROAPAC & 4% R7-RGS % I S8, T myc HLIATH
LR LT & 2 A, fEREE STz RGS9-1 @ RIAP & DLk fERd S 4L
2o & 512 RGS9-2, RGS11 1% R9AP L 4tyk L7274, RGS6, RGS7 i% R9AP
L Lo Tz, o> RT-RGS & 0 & Ir7EALSIA RV RGS6, RGST 7% ROAP
L LRmoloZ Lld, 2-3-4 OFEIR L FIBE, RIAP & DFEEIT, ST1ERLAIA
WELTCNDZEERBEL TS, RGS6 & RGST IFEWNTEESIZH L, £
AU SEARREE DIEWE AT Z & T RIAP & OB R 2 b ST ATREMEDS
H5, RIAP TR ANCRIEL TV D Z ERME I N TE722837]. H&ir
YR~ T ZADPRMFERICENTHREIR L TWDLZERHRESNTWNDZ L
725 [36]. RGS9-2, RGS11 IZHHE#FRRICIHVT, RGS9-1 Ak, RIAP IZ &
> T GAP{EHENHIE SN TNDHZ EMBE L N5,
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F£ 72 R7T-RGS #9551 & LT, ROAP Dfill, L7 > T RTBP 23
Hani-[56-58], ZD5TH GGL RAA L0 N KD DEP RAA V&5
Tl CRT-RGS L6 2 2 & MEINTW5[56-58], 2D Z &7vH  DEP
RAA B L OIMERSIL, RTBP (x4 DG EALE L THERE L TV 2% AlHE
HERBZ bID, 4%, ZOMHHREZITITH /e RT-RGS Hli#l551 DOERE DS WIFF
SND, AWFEORFIT, TR RERICEITD RT-RGS 77 I U —& T LA
Toe G # U R BRI OMIICER TE 5 b0 LB 2 b D,
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F3E TXA: ZRE (TP) HHRSEX VI HE
TP interacting protein (TPIP) DiEEMEHT

R a RS Ay (TXAR) 1IN M OVRE SO OWOHE . L - i oD 1
B, M/MROBHES 2RI X ZT7 7% RUBREHm TH 5[59], F7EFE,
TP / v 77U b~ 7 ATIEANRGUFICK T 5 0EISE DR L T\ Z &y
5, TP ORIERIZE T HEEN R I TN 5[60], 2D OAERKIGE L TXA,
PRERICHEET D TXA2Z AR (TP) 24 LTl SN, TPILG ¥ &~
RO BRI Z K (GPCR) O—2ThH VY, Z&IKG & L 7 EDOHTH Gyn
LER L TR AR Y = C (PLO) ZIEML S, MR CaZiiEE D EH-S,
a7 ¥ F—8 C (PKC) OiFMfbzsls T ZnE<mbhTng
[61-63], =512, TP i Giz. Gz, Gi. G XU Gn & b5 2 L3 HRE S
NTHYI[63-65], ZHIT K VA 22T 7 F VR A TEML S E 5,

t hTP X208 R T-& LTHRENTZN, £< Ofid GPCR & [AIFKIZ A
TITATNYT B FET S, TPa i3 MaEMla» oy Trr—=
YT ENTZ &0 G placental type & BRIV, 343 T X D GRER S LT
W5[66l, —J, TPR (Xt FNEMIENSHO T/ a—=0 7 INi=Z &b
endothelial type & &IEEIL, 407 7 2/ @SR STV 5[67], TPa &
TPR 13D 328 7 X / MRIFILBEOELITH VU . C KRimihsr DELY D I 73 7
> T35 (Fig. 3-1, T7ebb, Mlasto N Koo 7 [ H O EEEL E T
Fl—ToHrZ b U Iy FEGEAIE TPa, TPRILIZFI L THD & FHEIN
THEY[68]. U FIZd 58T TPa & TPR & ORIZEIZARWN T L 3H
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TP (1 TPB 1

313 313

S 328 328
QLGSRQTLQPQLSL NCHASlTGSYELSPWLTLSR

343
LRLPGSSDSRASASRAAG |1
ALLDFEPDFLMCPRACHSV S

GVQLLPFEPPTGKALSRKD
407

Fig. 3-1. Amino acid sequence of the C termini of TPa and TPB. TPa and TPf diverge
from residue at position 328, and TP has a longer C-terminal tail than TPa.

HINTWD[65, 69], FEALUNIHMAFRNREDLEZ LN TWZR, £D
BOWFZEN D B MRV T TPa & TP ARIFHZEH L TWDH Z L
REIFLTVA[65],

LA GPCR @ C Rl 3Ak & 72 il & o R 7 EBREGT 5 2 L BV iE S
TWo, ZhboHZiE, GPCR DREZRET HIEHL. 7Tt oR
Gis X EE LCOERZFE> b O0F(E LI70, 711, GPCR #efili 4 2 2
5 ETHBICHETHL LEZLN TS, EEE, TP LSS LR HIET 5
KT HWL ONEEINTEY, Rabll FD—>Th 5, Rabll 1THuklzk
% small G ¥ v /X7 ED—>TH 50, Hamelin 5[72]i% GDP 54 Rab11
@ TPRC Kk ~DH5 & 23 TP O bR ~D Y A 7 U 7
HETHLZ L H@HELTND,

LRI, TP {EMERIERSARE OFEM 2B 52T 572912 TP © C K267 %
BN EEEREY — AT Ty RREHWTERRKE LTz, TOREE, TP @ C
KigfEa A 7B LCTuaTs T Y —aYTa=y bal, KOXTaT7 Y —
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LT 7T 4 _X—4—PA28y Z[RIE L TCWA[73], 2 o7 asr 7 Y —AhE
WA R EIE TPRICHEBEAG T2 Z LRk En, TPRIX 7 T 7 V—AlC &
0 RERREC iR 2 52 1 B 2 E DB MM 5 72[73], — . TPa X O'TPB @ C
KIGITREAT 24 /X7 L LT KIAA1005 ZFREY — A 7' U » RIEIC KD
FH L7, KIAA1005 % TP # > /X7 & L C TP interacting protein (TPIP) &
g L7z, T OABRAIEE], BRRICOWTIIRI KM TH 2,

Z Z CARETITHH TP #EE Z > 737 E TPIP 28 TP OEEIZ 5 2 D 2% iR
ATz AME LT Z1T 72,
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3-2 EBRFHIL

3-2-1 iz EE & TP 78 6 Bl A o {F
Chinese hamster ovary (CHO) #H/@}% ' Human embryonic kidney (HEK)

293 ML 10%FCS. 1321IN1 & F7 A haH A h—<flifdix 5%FCS. 50
unit/ml X=3U > KN 50 ug/ml A F L7 h~A %N L7 Dulbecco’s
modified Eagle Medium (DMEM; Nissui) T, 5%C02A1 > F 2 _X—4% —H
37CTHE;E L7=, TP, TPIP ® +7 > A7 =7 ¥ 3 % Lipofectamine 2000
(Invitrogen) %M\, ¥ == 7 /VIZHE- TIiTo7-, CHO flifaod TP Z2 & Bl
FADERIZIZ N T AT =7 a T HRIZ 1/100 OMIaB TRHEEE L, G418
(Calbiochem) % 600 ug/ml O¥EE T THE L7z, JHEBERICENRETNDO X
F~A v UmittE (G418 it 7 m— 2 A B L | TP O3 BLA R L7z,

3-2-2 7T AI FOER

myc-TPIP /pcDNA3.1 (+) O myc-peDNA3.1 (4) #F > 7 L— b & L
TPCRICEVER L, 7T A ~—ITIFHIREEREY A L& LTZEREN DD
EcoRI % % &1, 5-GCGAGGAATTCATGTCTGGTCCAACTGATGAGAC-3’
& 5-GCTACTGAATTCTCAAGCCTCCAAGTCATCTCTG-3' % i L 7=, PCR
¥ ABI 310 (Applied Biosystems) # M\, PCR E£3 121X pfu turbo DNA
polymerase (Stratagene) % H\ 7=, 15 5117 PCR MEMIT EcoRI TUIKT L., &
52U EcoRI THIWr L7z pcDNA3.1 (+) &9 A4 —varv Lz, 947~
3 > it 1% Quick Ligetion kit (New England Biolabs) % FWT=E T 10 43[H
A FaX—FFT5H2 L TITo7

FLAG-TPo/CMV4 DO {ERIIALE i (LM RE) Lvfkhsni
wild-type TPo. (HPL/pBluescript) % BamHI & " EcoRV THIlr L, &H 5000
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¥ BamHI % EcoRV THIWr L7z FLAG/HMV4 & 51 7 —3 a L1z,

FLAG-TPB/CMV4 |3 —>® TPP Wi )1 % FLAG/HMV4 |ZHASARERL L 72, —
- H O A 1% wild-type TPo (HPL/pBluescript) % EcoRI } 1* BsiHKAI TH]
D L7z, ZoHOWRIX 182IN1 & b7 A ha¥o1 h—~<fifad Sh L7z
RNA %W E L7~ ¢DNA 27> 7L — k& LTHW, PCR T%Z &L THE7-
DNA W i % BsiHKAI & Y Nofl THIW L=, 75 4 <~ — %
5-AAAGTCGACAAGAGCCGTGCTCAGGCGTCTCAGCC-3' & 5-TTGCGGC
CGCTCAATCCTTTCTGGACAGAGCCTTCCC- 3% L=, B bl — >0
DNA Wi F i3 57> U EcoRI }2 T8 Notl THIlr L7- FLAG/HMV4 & 5 A 47—

var L,

3-2-3 Sk EIE
HEK293 #fifa% 60 mm 7 « v ¥ = (2L, 80% 2> 7/ NIRDHFE

THELILE, KBTI AIRNDNAZ N T AT 27 varLic, 77AINR
DNA % myc-TPIP/pcDNA3.1 (+), FLAG-TPo/CMV4, FLAG-TPR/CMV4 % H
VW72, DNA # /% myc-TPIP/pcDNA3.1 (+) 1% 5 ug. FLAG-TPa/CMV4,
FLAG-TPB/CMV4 IZZ 121 2.5 ug AV 7=, %5 DNA 5 8hH CIRA L.
DNA 1 ug % Lipofect AMINE™2000 Reagent 2.5 ul &JEA L. iR T 20 43[H
A FaX—var Lk BEATAVLIBRNTLHZLETEF I AT =7
Tarkitol,

N UAT 27 v a ik 24 WL, Milda Tyrode-HEPES solution T 3
[EI5EyE L7z, Beid L7- Al % 400 ul @ lysis buffer (150 mM NaCl, 0.1% NP40,
1 mM PMSF, 0.01% aprotinin, 20 mg/ml leupeptin, 20 mM Tris/HCl, pH 7.4)
T 1.5 ml F=—7CEU LB E AR (15 B[R T 5 BRI A 5 [E) L,
lysate & 4°CC 1 BFEHE SRR 5 4 > F 2X— K L=, D%, 4°C. 15,000
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x g 154 L L, kL& olclhzRrEL, RFZEIRLTE, &
(. lysis buffer TFDHEMAL L7 20 ul O 7 H 11— 2 ' — XfEEH FLAG M2-
PURZMA T 4CT—WrA v FaX—varziTo7z, EIFEEEIE., lysis
buffer C7 AR —AE—X% 5 EWHF L, Vo TNy Ty —%Ix 5 sy
BEWABL AT o 72, T D%, BRIKE) (8%, 11% SDS-PAGE) L. 2-2-4 |Z#E
ClHEC LTy RE v TayT T &ITo 1,

3-2-4 Pull-down assay

GST @& 7 EHOREBUTIE, £/~ DA P — b 25T pGEX-5X-2
ZRBE BL21 I8 AL, Bohzar=—/% LB EHiH CREREL,
isopropyl p-thiogalactoside CTHELAZFHE L=, ¥ T HERBBENFEINTZ K
%% 1 Protease inhibitor Cocktail (Roche), 10 mM EDTA, 2 mM PMSF % &
te buffer A 20 mM Tris/HCl, pH 7.4, 150 mM NaCl, 1 mM DTT) (28 L.
FRENCH Press |2 & Y fif## L7, FRENCH Press % i@ L 7= K5 # B &R %
17,400 g T 15 73fH], 4C T L, L% GST fie & o N7 BIsfRik & Lz,
myc-TPIP % > /%2 B3 HEK293 #1812 myc-TPIP/pcDNAS.1 (+) % k5 %
7 =7 ¥ a L buffer B (20 mM Tris/HCI, pH 7.4, 150 mM NaCl, 1 mM DTT, 0.1%
NP40) H1, 4 CCT—IEIHET 52 &L T, GST R X278 (15 ug) &
myc-TPIP (100 ug) % &te HEK293 #Ijd5 A £ — k% buffer B 1 TIEA L.
A C TR L7z, #H. buffer B THy{k L 7= Glutathione-Sepharose 4B
(Amersham Pharmacia Biotech) (2% /X7 EIBREWZ N Z . IR TR
LTz, Z UV EPRES L B — XX buffer B THEH L7214, buffer B 225
NP40 %[z 7= buffer TS 5|28 L, SDS-sample buffer (2 X7z,
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3-2-5 RT-PCR

cDNA O 4 k1% ReverTra Ace (TOYOBO) %~ & HW, 207w ha—
JZHEVT 5 72, RT B iE £ 97, 1.0 ug @ RNA (2 oligo (dT) 12-18 primer (0.25
pmol/ml) 0.5 ul, DEPC 7k 3.75 ul Z{&& L., 70CT 10 LB L, 4°CTw
HL7z, ZDH 7z 5 x RT buffer 2 ul, 10 mM dNTPs mixture 1 ul, RNase
inhibitor (40 units/ml) 0.25 ul, ReverTra Ace (100 units/ml) 0.5 ul #{E& L 7=
HDENMA, 42°CT 60 IS ZIToTe, SHIZ, 99CT 5 o+ 5 Z &
IZ R VB L RIE S, K#%-20C CTHRAF LT,

3-2-6 SDS-PAGE kv =RHX Tuauvr 47

SDS-PAGE k'Y = A X 71 v T 4 & 7135 2 IR LI FIEICHE > TT

>77,

2-2-7 U46619 Hili#ic &L 5 ERK1/2 U Vb OfREt
TPo f O TPR ZE %8 CHO i3 % 12 well plate IZ#fE L, 80% > 7 /L=

v M D £ THE L721% . myc-TPIP/pcDNA3.1(+) # h T A7 =2/ v a
L7z £/, T AT7 272 a WD DNA B3 A ¥ — b 2E £z
N7 B —Th5 pcDNA3.1 (+) THIE L., & 1 uglwell & L7z, T AIR
DNA 1 ug % Lipofect AMINE™2000 Reagent 2.5 ul & &4 L. iR T 30 43[H
AV FaN—a Y LIEBEREAT A U LIMATHIRIC T A7 =7 Vg
YL, FT AT 2 v a v 24 KifE#% | FCS 0.1% % DMEM (Zi&E# L7z,

X 5T 24 FifEl%. Tyrode-HEPES solution (ZE#: L., 37C., 10 07 L1~
FaX— |k L7z, U46619 (1 uM) CTHEFFGENK L=, £Dtk, LiEE T AE
L—hL, o7y 77— 100 Wl 12 LTz, 7 nd 95°C T 5 4y

DINBIEVEZFT > T21% . 8%, 11% SDS- KU T 27 U LTI REALEZHWTCES
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E (100 V) CEXIKE L=, ZD1% 2-2-4 |CHEL - HiEIC k> Ty A% T

T 4T T T,

3-2-8 fANA VT F—VY VRBBROEE

HNA > b=V UEEOERIT Nakahata H[74]l0 HiklcHit-7=, 72
bH, CHOMIIZ60mm T v =2 ECR I A7 =27 var L, BHIZ12
well plate (ZE#E LB L7z, 20L&, 2 uCi/ml @ [BH]myo-inositol CHiifa
Y CIEE A L=, IR 727 arnb 48 BEEZICHINN Z
Tyrode-HEPES solution T 2 [m]#% L, 10 mM LiCl Z il x 7= Tyrode-HEPES
solution #1, 10 43ff] 37CTA > F=2X— h L7z, MlITZENZENDORED
U46619 L m—)L & 20 OGS SE, buffer ZFrER, 5% U 71
aFEfiE (TCA) ZMx CRISEEIESET, 20 TCARKE V=T L= —T )L
T3MEYEFT 22 LICL > TTCA ZFRE, 1M FRTEMA LS T2 A A5
Hatit g (Dowex AG 1X-8, formate form) # AW T [BHIA /> h—L ) V%
SEELTc. T b T han—7 4 7 Lk T 30K 6 ml LT 50 mM
X7 E=UL6mlICEV A ) P VKT U ERBARAL /T =%
W EE7z, VT M FE/0.1 M XY o E=U L4 mlickVikA /b
— VU UERESRLTZ, ZOESEYCTFL— a7 TAERA L, R

oFL—ar v —7T BHIBEHEMAZRIE LT,

3-2-9 [3H]SQ29548 #E& Fhr

TPa & %\ % TPP %22 565 &+ 7 HEK293 MIl11k#4 L7 PBS © " JEik
L, NV TT 4 w2 bHD LIZ#%IC Tyrode-HEPES solution (25
WS 7z, 1 x 10SE ORI AR E O [PHISQ29548 % 5T 200 ul DK,
4°CT 3 HFflil A > F =~_— k L7z, JK# L7 washing buffer (10 mM Tris-HCI,
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140 mM NaCl, pH 7.4) 4 ml TG % 1L, GC25 filter paper (Advantec) T
W LU7z, S HIC T EWwRE L%, AR - T2 BHIBEHEME 2 RIE U=, R
fEAEIX, 10 uM O FEl 7 SQ29548 1711 N COIEFFRFEE EZ SV & L

T,

3-2-10  1321N1 #fifa> 5 O# RNA $liH

1321N1 #fE) 5 0¥ RNA #iH X TRI Reagent % v b &\, £D 71
ka2 — 2RV T o 72, 1821N1 fifid % 6 well plate IZHEREL | 80% = 7 /L
VNI D ETEE LR, FEBEDO myc-TPIP/pcDNA3.1 (+) 2 7 A7
=7 varliz, bTU ATl gyt 24 BiE%, U46619 1 uM T 4 B
MR 21T > 72, SQ29548 DMLERREME]IEX U46619 HIEL 15 R G L7z,
FIBAE T2, AT 4 U&7 A L— K LTHDY R4, TRI Reagent 250 ul
Mz MR ZEFEL 1.6 ml Fa— 7RI L7=%, 7 rued/LAz 50 ul Iz

2a—7 % I IRoTz, FIRIZ 5 pMkiE L7=%., 17,400 x g, 4°CT 10 57z
DBELT, MOF 2 —TIKEEEIL L7, Y 7 asx ) —/L% 125 ul N
Z. B AINE%SRIE T 5 4 MIE L, 17,400 x g, 4°C T 10 4y Do L7z,
FiEEBREL, 7T0% T ¥/ —/L 250 ul THEE L7-1%. 17,400x g, 4°CT 5 4y
EOOBEL, REEZRERICRELL, TOYZF R I —AREr— ML LT
KK (DEPC 7K) 12 RNA #¥fE L, i a# RNA R & Lz, 66
71C ODg2go & OD2sgo ZHIiE L, DEPC KZHEEMAHZ LIZL Y RNA REZ
0.5 ug/ul & L7z,

3-2-11 A

AW AT T LB Y Th 5, U46619, SQ29548 i Cayman
Chemical 2> HEA L7z, [BHISQ29548. myo- [3H]inositol i& Perkin Elmer Life
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Sciences 7> H A L7z, pFLAG-CMV4, i FLAG M2 §ifk, 7 o —RA b —
AFEEPURIT SIGMA 7B EA L72, ProQuest Two-Hybrid System, human
adult brain ¢cDNA library i% Invitrogen 2>5 A L7z, Human total RNA
Master Panel II |% Clontech 75 A L7z, Quick Change Site-Directed
Mutagenesis Kit (3 Stratagene 7> HiEA L7z, & DOfORIEIZ OV TIETATERD
Rl do 5 WL NICHET 2 b D& W,

3-2-12 T — X fRHT
ERFERIZOW T, EHME (mean) THEWERRZE (S.E) TRL., AEEMRE
1% two-way ANOVA % HVCHEMT L 7=,
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3-3 WER

3-3-1 TPo X OXTPB & TPIP &4

FEREY — A 70w RiEZHAWT B M cDNA 74 77 U —7»5 TPa, TP
D C RIGFEBICHE ST 2 % LT EOWRR AT o 12, T 2 72912 TPa 13K
9.07 x 10°, TPRIZ#J 5.53x 106 D7 m— 2 Z W=, ZOfER., TPalcadtT 5
Btk m—2 L LT KIAAL1005 # B L7z (F—XR&EF), ELIEE-HT7 7 b
VH—ET vEAIZd o T, KIAA1005 iL TPa, TPR @ C Kiihr & k< &
THZERHLNIRoTe (T = ET), KIAA1005 X 2005 FZH]H TR
ENru—= 7 ENTHBZ X7 ETHD . ZORERRIZOW TEMIEN &
NTEHT, TPa, TPP HITHEGTOHHZ "7 HLE LTRBESNEZZ &
©. TP interacting protein (TPIP) &4 L7=, TPIP &5 71355 16 Yefafk I
IZa— RSN TEY, TPIP ¥ > 37 HI1E 1,315 7 X /B LR ST 5,
RAA UEHTY 7 M2 XY TPIP O RIS TR 24T - 72/ 5. e 2 o
DC2 RAAL Y NKEMNZ 5 DDA )V KAL)V RAL U EHDT LRGN

i272 > 7= (Fig. 3-2) .

S

KIAA1005 : TPIP 1315 residues

mmm Coiled-coil domain @ C2 domain

Fig. 3-2. Thromboxane A, receptor (TP) interacting protein (TPIP). The predicted
secondary structure of TPIP. There are five coiled-coil domains and two C2 domains.
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TPIP 13RO CTP 25X v X7 E LT/ r—=0 7 SR /MlaN T
HEBRICTP ZE L TW A ENEET 2 0ER™H S, £ 2T, TPIP & TPa
FOTPR % FT7 A7 =7 g v LIcHiflaz W CoRIELRIEZITo 72, 72
5, HEK293 #iidiZ myc-TPIP & FLAG-TPo & %\ % FLAG-TPB % —i 4
R T AT 27 Vg LTHELILE cell lysate 251 FLAG M2 iR Tk
L. Tk L7-% v 37 B % SDS-PAGE T4HfEf%. 1 myc Hilka T =
2B Ty T 4 TIEC KV L, ZOER. TR Zn0LEY i
FLAG-TPa, FLAG-TPB O/ R ENTZZ LD, SEREINL TS
- LR LT (Fig. 3-3), & 5|2 TPIP 13 FLAG-TPa. FLAG-TPB i &
b % 2 & & L7z (Fig. 3-3), ZOfEEN5 . TPIP ITMAEANICHB TS
TPa., TPR L 26T 5D I ENRBI NI,

A B
pcDNAS3.1+ + + - pcDNAS3.1+ + + -
FLAG-TPa - - + FLAG-TPB - +
Myc-TPIP - + 4+ Myc-TPIP - + o+
IP : FLAG IP : FLAG
- [— 175 om [—y
17 IB: Myc IB: Myc
64 + 64 a
IP : FLAG IP : FLAG
47 - : 47 4 p;
. IB : FLAG “ | IB: FLAG
Cell extract Cell extract
75 T N B Myc 175 = ' IB: Myc
64 == 64 &
- Cell extract Cell extract
T IB: FLAG 47 IB: FLAG
(kDa) —— (kDa)

Fig. 3-3. Thromboxane A, receptor (TP) interacting protein (TPIP) and its association with
TPo and TPB. HEK293 cells were co-transfected with myc-TPIP and FLAG-TPa (A) or
FLAG-TPB (B). Twenty-four hrs after transfection, cells were solubilized in RIPA buffer and the
FLAG-TP was immunoprecipitated with the anti-FLAG antibody. Western blotting of the
immunoprecipitates was performed to detect myc-TPIP with anti-myc antibody and and FLAG-TP
with anti-FLAG antibody. Cell extract was also used for detection of TPIP or FLAG-TP.
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3-3-2 TPo K TPB @ TPIP §&-&EB{Ar DFRMT

BEREY — A 7 U RIEROSRIEIERRIEIZ X0 TPIP 23 TPa, TPB LG
L2 EBRH BN 5Tz (Fig. 3-3), ik L7zi@ Y TPa & TPB @ C KimHigk D
AeFiE 328 T H D7 X/ WELA ORI D A #70 % (Fig. 3-1), LA, BEREY —
NA TV w RIEZELT O BRI bait & LTHWE TPa, TP @ C Kimldslix 313
7R BUBORSITHDH, DFV 313 FHMND 328 FH E TOMLBALL & E
ATEY ., TPa, TPP i) &iEAT 5 TPIP i3 Z 027 L TREE LTV
HAEEMED @, 2D D TPa, TPP OFEfl7: TPIP #EA AL 2 B & nC
T DRI VFFIC 313 NS 328 F H £ TOIEARSNZIER L < 222D GST
e TP C R/ 28 Bk % T pull-down assay Z1T - 72, % GST @it & TP
C RIGE BB Z KIGEICEA L, KREIZH V7 BERBL ST, GST il
A TP C KBy & BAK T TPo @ C K (TPa 313-343), TPRD C K4
£ (GST-TPB 313-407). TPR® C Kifi 313 HH 5 332 FH £ THOT I/ BEAL
#| (GST-TPp 313-332). KX TPRD C K 332 HH D 407 FHETOT
/ WeEd% (GST-TPB 332-407) % 7=, —J7C. myc #%i#% TPIP % HEK293
M F T A7 =227 a3 L.omye-TPIP Z&tefiifi T A4 ¥ — b 24572, kI,
GST @& % > 737 B} O myc-TPIP & AH#ilE T A ¥ — h R4 L. Glutathione
Sepharose B — A&z 72, B —XIZ1X GST @A X v 7 E0NEET D08, 2
D GSTEE S XV BICHEATDZ v 7 Bide—X ik LT 5, 2
D — X% buffer THFL, EELRWZ NI EEERWZ% SDS sample
buffer TE—X|ZFEA L TWD X U7 B a2AEH S mye-TPIP OF/EE U =
AL T yT 4 TIEC L DR LT,

ZORER, BEREY — A T Uy RIEORER LAk, TPIP 1L TPa 313-343,
TPB 313-407 LHEAT 5 Z & AR L= (Fig. 3-4), 52 TPa, TPp Him@fd
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F&Ete GST-TPB 313-332 (% TPIP &f5& L7z, LD IEIL@AIAI % &
> GST-TPP 332-407 1 TPIP L fEA Lo 72 (Fig. 3-4), 2B DFERN G,
TPIP /% TPa. TPR O C KiifEEKk I @EASTH 5 313 005 328 BHHDOT 2 J Bk
TR & RGBT D ATREME DS RIR S T,

B

GST-

313 328 343 1 2 3 4 5
GST- (kDa)

313 407 175 = - —— <+—TPIP
GsT-( TPB

313 332 33 -
GST- 25 - ..._._““""" CBB staining

332 407

GST- (. )

Fig. 3-4. Binding ability of TP mutants to TPIP. (A) Composition of GST, GST-TPa and GST-TPf
mutants expressed in bacteria (nos. 1-5). Dotted area in TPa shows the different amino acid sequence
from TPB. (B) GST, GST-TPa and GST-TPP mutants (a, 1-5) were incubated with myc-TPIP.
Myc-TPIP (upper panel) bound to glutathione-sepharose were subjected to 11% SDS-PAGE. The bound
proteins were stained with Coomassie Brilliant Blue (CBB, lower panel).

3-3-3 TPIP mRNA #H% % 5 O AT

TPIP |38 8l % /7 Th 03RRI BL 2 — T B 2T > T
720N, TPIP O#Re A HEJ 95 L CAAMMICR T 28BLZH 60T 2 2 & I139E
WICHEHETHD, I THMAMYT 72T, TPIP mRNA, &1, TPa.
TPB mRNA OFRBL ¥ — 2 2T Uiz, b MHKEY > 7L & LC Human total
RNA Master Panel II (Clontech) % V> RT-PCR #1T7-7-, %5417z cDNA
77— hrELPCRZITW GOSN K26 TPIP mRNA, & O8N, TPa,
TPB mRNA R85 — o Ot 517> 7-, % OfEE, TPIP mRNA (i Tk
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WRBRNZ LN b DD, %< O TEHIBIIIZHEILL TWD Z LB LN

727 (Fig. 3-5); —J7. TPIP mRNA & TPo. TPP mRNA [Z%H N H 7 54
WOGFETDHILOD, T LHREAN—EL W W EPRE Iz,

GASPDHI T I L Il F T L P I rmrm Yy

Fig. 3-5. TPIP mRNA expression in various human tissues. RT-PCR was performed using products of
the Human Total RNA Master Panel II (Clontech) for analysis of TPIP, TPa and TPB. cDNA (500 ng) of
each tissue was used for the analysis. The ubiquitously expressed glyceraldehyde-3-phosphate
dehydrogenase (GA3PDH) gene was used as a positive control.

3-3-4 TP > 7 FIVIEEEIC KT % TPIP @ EIFEEHL D 22

3-3-1 & 3-3-2 TTPIP & TPo (X TPB DEAIRENT-Z L5, TPIP I
TP 257 % 3 7T MBI EE KIE L TV D AREERRWNCE X bND, £
ZTCTP %N T 284 72> 7 st L CTPIP BB BLN & D L 5 e % K&
ETOHETEIToTce WL OOMIET TP 7 =2 FTh 5 U46619 TH
%9 % & extracellular signal-regulated kinase (ERK) 1/2 ® U » {23 5] & 2
ZENDZERHBNTNAH[TS5,76], = Z T TPa 2 ZEHEL X7 CHO fifd
(CHO-TPo #ifa), KO TPB % ZEFHL S H7- CHO #ifz (CHO-TP #ifd) %
MWT U46619 555N ERK1/2 O U U ER{ICKkT 2 TPIP i&RIFE Bl 5% 4 16
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L7z, T72b5, CHO-TPa #ifaE72ix CHO-TPB #C myc-TPIP KX
pcDNA3.1(+) # F T A7 =7 g L, U46619 (1 uM) THIFREHIE L7~ %
(Z SDS sample buffer (Zi&fiE L. #1 pERK1/2 HilkZ W= v =2 X T a v T
S B L VIRNT LTz, ZORER, pcDNA3.1 () OAE N T AT =7 g
v L7k, U46619 #IEIZ L Y TPa-CHO #ifd, TPR-CHO Hifgitic 2
455 10 & E—27 9% ERK1/2 O U UMb R Sni-, —J5. TPIP %

A B
CHO-TPa CHO-TPB
Time after U46619
Stimulation (min) 0 2 5103060 0 2 5 10 30 60 0 2 5103060 0 2 5 10 30 60
P-ERK1/2 | ———— | | —— P |
ERK1/2 | e — — —— - |: ———————— I
S S S |
myc-KIAA1005 | I —— |
/TPIP
MOCK KIAA1005/TPIP (+) MOCK KIAA1005/TPIP (+)
C D
CHO-TPa. CHO-TPB
8.0 50
A MOCK 0 A MOCK
6.0 B KIAA1005 ' M KIAA1005

ITPIP [TPIP

o
-~
X
@
s B
° o 3.0
C
oG
= C
o =
=5 2.0
28
2 1.0
@ | |
e
o
OO L L 1 L L J
0 10 20 30 40 50 60
(min) (min)

Fig. 3-6. TP-mediated phosphorylation of ERK1/2 was decreased by TPIP in CHO cells. CHO cells
stably expressing TPa (A, CHO-TPa) or TP (B, CHO-TPp) in a 12-well plate were transfected with
myc-TPIP (1.0 ug/well) or empty vector (pcDNA3.1+, MOCK). Twenty-four h after transfection, cells
were pretreated with FCS-free medium for 24 h, and then they were stimulated with U46619 (1 uM) for
the indicated times. Samples were separated by 11% and 8% SDS-PAGE for ERK1/2 and TPIP,
respectively. Western blotting was performed using the anti-phospho ERK1/2 antibody, anti-ERK1/2
antibody and myc antibody. A typical blot is shown from CHO-TPa. cells (A) or CHO-TPg cells (B). The
phosphorylation of ERK1/2 was summalized in CHO-TPa cells (C) of four experiments or CHO-TPf
cells (D) of three experiments. The levels of phosphorylation of ERK1/2 are shown as the fold increase
above the basal level. The data are expressed as the mean + S.E.M. *P<0.05, two-way ANOVA.
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[®HJinositol phosphate

WBRIFEHL S B - ML T TPa, TP 4 L7- ERK1/2 ® U > BRI 5 6
2R 6 (Fig. 3-6A,B),

%72 CHO-TPo #i}d, CHO-TPP fla T TP 7 2= MKIC L Y Gy &I
LA AT 7 F VA 7 v b—v (PD) KEEIGDOTLHENRE STV 5[62,
77, £ T, TP 7 I =2 hF%iE PT KRS O FLHEIC % 5 TPIP R H

PHBLERF L=, TP 7a=% b U46619 THIMEZT 2 &, HEROBEE
CHO-TPo. i, CHO-TPP a3 |22 EEAAFHI 72 PT KRS O TTHED 51 X ik
Z&niz (Fig. 3-7A,B). —J7. TPIP Z @RI %5 & /=Ml Tl TPa, TPP %
Jr L7z PL KFRSOS OTUE A Bl S vz (Fig. 3-7TAB), L 275U M
SZARMRIX TP Ak Gqv 7 v %9 LT PL KRS OTUEA S X =52 &7
BN TWAIT8,79], & 2T, TPIPIZ k5 PIKMEEUGHIHIVER OS2 RGN
PEZRRETT D720, DA YU v Ma S BRI 1E PLKFEFOGIZ %9 % TPIP i

A B C
CHO-TPa CHO-TPB CHO-M;,
X Xk %
16 * 22 1 60
20 1 50
—~ 14T 0 r
§ 18
[} = 40
5 12f 1.6
£ 14 1 3.0
ke]
5 10 1 12 F
= 20
08 10
. 08 | 1.0 1
0.0

0.6 : j p p 0.6

) -8 7 6 () -8 -7 -6 () 8 7 6 () -8 -7 -6 () 6 -5 () 6 -5
U46619 (log M) U46619 (log M) Carbachol (log M)
MOCK TPIP (+) MOCK TPIP (+) MOCK  TPIP (+)

Fig. 3-7. TP-mediated phosphoinositide hydrolysis was decreased by TPIP in CHO cells. CHO cells
stably expressing TPa (A, CHO-TPa) or TP (B, CHO-TPp) were transfected with myc-TPIP (1.0
ug/well) or empty vector (pcDNA3.1+, MOCK). Similarly, CHO cells stably expressing M; receptor (C,
CHO-M;) were transfected with myc-TPIP (1.0 ug/well) or empty vector (pcDNA3.1+, MOCK).
Twenty-four h after transfection, cells were labeled with 2 uCi/ml [*H]inositol for 16 h, and were then
stimulated with U46619 (10 nM-1 uM) for 20 min. Total [*H]inositol phosphates were separated by an
anion exchange column (AG1X-8, formate form) and their radioactivities were measured. The levels of
inositol phosphates are shown as the fold increase above the basal level. The data are expressed as the
mean + S.E.M. (n=3). * P<0.05, ** P<0.001, two-way ANOVA.
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FWEORELRET Lz, ZAD Y v My Z AR PR EL S w72 CHO M4 2
AAY Y My ZERET T=A NTH DI Na— )L THIRT 2 & RERFIIC
PI KRS D TLED MR Sz, Lol T ORISR LT TPIP @ REIFHLIC
LA HHIERIZR SRtz (Fig. 3-70), ZOfEH 25 TPIP 134T o PI
KRB 2 B3 2 O Tixie <. TP 2035 PL /KRG & BRI i 9~ %
ZEDRB I NI,

Fig. 3-6 & Fig. 3-712B W T TPIP (X TP & 7 F A2l 5 2 & ARIE S U
e, 26 OMEERIL TP 2@ RIEH S - fldz IOV THRE L2 D TH
0 NRED TP > 7 vizxt LT H TPIP 23NN R &2 /R 3 NI E N TIE R,
2T NEM TP > 7 uizxt LT TPIP @SB B 2 LT T D a2
1To72, 132IN1 & F7 X b ¥ A h—~#faiZiZ TPa, TPB AAPNEMPEIZHHL
LTHVI[80], TP 7 2=A k U46619 THIETH LA ¥ —nr A x> (IL)6
mRNA FEADTLHENS X Z & 5[81], £Z T, 132IN1 & h 7 A ha ¥
N —= e & AV THIEPE TP 24 L7- IL-6 mRNA PEA:TTHE (2 %3 % TPIP it
FIFBLOFRELRT LTz, T7hbb, KRETPIP V7 AI RE TV AT =2
Y2 L7 182IN1 & R 7 A ha¥ A h—~<flildz TP 7 ==X k U46619 T

- U u+sQ U
T'?L';/?v’:l’l*) - 025 05 075 1.0

Fig. 3-8. U46619-induced IL-6 mRNA expression was decreased by TPIP in 1321N1 cells. 1321N1
cells were transfected with myc-TPIP (0.25, 0.5, 0.75 and 1.0 ug/well) or empty vector (pcDNA3.1+).
Twenty-four h after transfection, cells were incubated with 1 uM U46619 (U) or U46619 + 1 uM
SQ29548 (SQ) for 4 h under FCS-free condition. RT-PCR was then performed.



#il4 U IL-6 mRNA A BORFT 217572, TP 7 =2 k U46619 #II#Ic L v
IL-6 mRNA EAEDTTHENR A B, ZORSIETP 7o % 2= | SQ29548 #if
BRIZ X0 il S N7z 2 &b TP 2 Lic s & B 2 bive (Fig. 3-8), 2D
PNIEPE TP %4 L 7= IL-6 mRNA PE/E D TTiE % TPIP DR H B FR ik L 7=
(Fig. 3-8), ZD#ERN 5, TPIP IZWNEMED TP > 7 Fvicxt LT HIMIfER %
R EDBHLNTR 0T,

3-3-5 iz TP F& 8 | ki 2% TPIP i el 8l o> B 48

TPIP |% TP 2N BkEx 723 7 F MG A IEIT 2 2 L RHA LN o7
(Fig. 3-6,7,8), TPIPZ L5 TP 7 F A A 1 = R LI ARWATH S, 5T
ik 722 GPCRF5A % o 737 B 1213 GPCR D JREE b 2 3589 5 b D3 % <
WESNTWAI29, 31, 32], TPIP1Z—>®d C2 KA A »%EH (Fig. 3-2). C2
RAA L ORERHERE L LT CaKFMIRER GREZ SO L FbN T
Enb, TP LfES L7 TPIP 28 TP O RfEE b4 5| i Z 3 At L &
X bivd, iz, GPCR OMNFEIIZHE AT 52 & T, GPCR Oz 7 4 A
—TaryZbEglERE L, GPCR OU T NI T 577 4 =7 4 —%K T
SHELHAEEMELE 2 6N 5[82], =2 ¢ TPIP @EIEILUZ L 5 TP #ifil A =X
LE LT, MlaRm TP BEEDE T, BIOTP a7+ A= g VE{RIZ X
LV RT 7 4 =7 4 — K FORBEEIZ OV TR RS ERIC L 5 REHE
11072, T72b5, TPa & 5\ X TPP & E X S ¥ 7= HEK293 fifiai TPIP
NTUAT = v a %, [BHISQ29548 % oMM s ISR & EBr &2 1T
W, Ml mEICBIT D TP $, U W K7 7 4 =7 4 —% Scatchard fi##Tic &
DEH L7, ZORRE, TPa, TPR OfFREEE Kd 13 TPIP @REIFEHLUZ L v 21k
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L7eino7= (Fig. 3-9), —7J7. [3HISQ29548 f&& 7 Bmax 1% TPIP &5
22XV TPa, TPB AT 5 Z EBRHLMNI -7 (Fig. 3-9), 7 —XIZiX
R LTV TPIP R E N TP BIZIXEE L o7, 2 b OFERD
5 TPIP @RIFEBUZ LD TP ¥ 7 FAREMHI A h =X LD—>& LT, TPIP
AR E O TP 3B EL D S5 2 &R I NI,

A B
TPa TP
451 30T

~~ A mock —_ A mock
= =
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Fig. 3-9. Cell surface TP levels were decreased by TPIP in HEK293 cells stably expressing TPo and
TPB. HEK293 cells stably expressing TPa (A) and TP (B) were transfected with myc-TPIP (15
mg/dish) (circle) or empty vector (pcDNA3.1+) (triangle). Twenty-four h after transfection, cell-surface
TP levels were assessed by binding of [’H]SQ29548 to intact cells, and the data were expressed as
Scatchard plots. Each point represents the mean of three determinations. The K4 values for SQ29548 were
15.6 nM for TPa, 15.4 nM for TPa with TPIP, 14.1 nM for TPB and 14.0 nM for TPB with TPIP,
respectively. The By.x values were 597.2 fmol/ 108 cells for TPa, 475.8 fmol/ 108 cells for TPa with TPIP,
362.4 fmol/10° cells for TPp and 304.5 fmol/10° cells for TP with TPIP, respectively.

54



3-4 #%%2

KBTI RO TP 20T 53 FFIRERHA =X L&A ST 57D
R — A 7 U RIEZHWTHBR TP S X VNV BEORBEEITS T2, £ D
fER. TPa & TPB @ C KimmHigfE A & > /37 & & LT KIAA1005 % [A7E L.
TP interacting protein (TPIP) &4 L7z, & 512 TPIP ZEFEH S w7
CHO filglc BT TP 2N BHRAT 7 F VA ) ¥ b— LK RUG D TTHESRR
ERK1/2 ® U VLS S 4, TPIP A i FIFEL X 72 1321N1 i Tl
TP %419 % IL-6 mRNA FEATTHEF A MH Sz, $72bb, Fiy v
BT D TP interacting protein (TPIP)7S TP ¥ 7 F /s % AIZHIHT 5
FTHLZ L2POTH LN LI,

[BH1SQ29548 Mifn 3 i 5z A5 A 526k 12 & 0 TPIP i Fl 5 323 Ml i 2% i o> TP
BB~V ERD SE D 2 EBRH LR o7 (Fig. 3-7), 2D Z &b TPIP
2k D TP 7 F v (ERK1/2 DY V(. RAT = F VA 7 ¥ h—/LKIRK
Jix, IL-6 mRNA FEAOTLHE) OMEIER (Fig. 3-4,5,6) O AT =X LD —EHIZ
(X, TPIP i3l RE D TP L~V & & 5 ARt~ S /-, TPIP iX
g EORE LTHRENIZ 2 50D C2 RAA >, N RERIZ 5 >DaA v K
ANV RKAALEHD (Fig. 3-2) ., A/ FaA /L RAAL T ahelix 7267
V. ZURITBEBEBHEDORESCMD S T EEOREICEEGT DI ENED
HURTETHRESINTWD, TDO—DITFT7F T I 020 L3 54|
BT ATAMERZ NV ERHY, aA NV Ra )L AL E L TELE
W35 L TCIHFICLRERT 4T AV NERKT 5 Z ERMBILTWNS[8S,
84], FI-MINERE—F—H LRI D—DThHHIIFRL L [TafrRasnl
RAL &N LTARE ZEERZEA L., MIaPNYE R Z FTREIC LT 2 [85],
—J5 C2 FAA I ILEMIC BT cPLA: (cytosolic phospholipase As) [86]
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%> PKCa (protein kinase C-a)[87, 88]. v 77 h & 7 I [89] %X LD LT 5
200 L ED & NI EITRAF SN D Ca2fE B ET —7 ThDH, C2 RAAL Dl
TR 7eERE L LT CaZ DRFEIC L W IEMAL LIRA~BATT 2 Z &b T
cPLA; TiX C2 RAA 22200 CaBSfEAT 5 &, BRI LV, /Ml
EIZRBAT LS T D2 EMEEINTVWAI86,90], £7- PKCa L C2 KA A
2220 CaZWfEGT D LMD AR AT 7 FONEY VRKRAT 7 F VA
J Y b= 45 U VRIS T D Z ENHE SN TVWA[87,88], 2D X DT,
C2 RAAL Y ZLOH LT EDE 1T Ca2tDFEEIT X 0 M O FF B 72

IZHE A L& R ERRED I STV B [91], LavL, £2TH C2 RAA VR
DL A R T DT TR < CaiE AL OMEESS Catlixt3 5 Bl
PO EDNH D, FEFE Cazt L fha Ly b oxe[92], o &# R 7B & ik
BTEDLHDOHLRESNTNDI[93,94], TN HDRIRNS TPIP BAEH D =5
DC2 RAAL L ZN LT DDDX L RTERY UG EARE/EA L TP O
FANJRTER Y 7T M2 il L T A RIEENZ L OND Z &b, 5% D
MRS LETH B

FIZAIFE T TPIP @ TP R RIEICOW TR L7c, A AT Y > My 2 AHA
ET7 A=A NTHL NN A= L THELERSNDOHR AT 7 F VA /2 h
—VKEBOG O TTHE L TPIP i@RFEEUZ K0 i Lied o7z (Fig.3-70), &5
(Z TPIP i GPCR O—>Th 2 EIFRIRFVE 2K (PTHR) & A L7gw
TEE BT RNV —ET vEAICEIVBHLNZL TS (Tokue and
Nakahata, unpublished observation), = i1 5 ®O#EF % TPIP 7 GPCR OH T
b TP L @RI BT D AEEZ R LTV, £/, URITP %/ v 7 7
U b L7e~ U A TIIASRIURIZ R T 2 S B N iR+ 2 2 EimiE ST
HZE0G, TP ORERICKIT HHEEID RSN TV 5([60], ABFFET TPIP
mRNA ORFEFEB A E L, IS E B 57 2 lRIZ BV Tl b 8LV TPIP
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mRNA ORIBLNZ SN2 L, BRIV T TPIP 28 TP & FHAER Lk
JREICRE - LTV D ATEEME S B 2 D IERICHBREY, L L7es s, b M
fklZ# 17 5 TPIP mRNA 3T/ L H TP mRNA BB EAHEI L T2 &
6. TPIP 73 TP LIS D & w3 7 B LM BEAE T 2 Al 2 Brih 35 2 £ 13T
T2,

TPIPIZ L5 TP v 7 F At A = A bD—> & L THIlnE R TP BEHED
WD SRR S HU T, MR S AR B AR O N RS IR AF L TR
MM IZ1X small G & > /37 B D Rab < Arf, @A ICE 5% soluble
N-ethylmaleimide-sensitive factor attachment protein receptors (SNARE),
WNERE—F—F NI EIRER 2 2B BRI L CTHRET 2 2 &2
B & 723272 > T 5 [95-98], TPIP @RIFHIC L v 5l & Z &b TP OMIfaN
JRTEZEALIZ bk & 7ot 2 LR BOBENRB 2 bd Z L b, TPIP I
T 5 TP LS D & v R G & RHET 5 2 LI L 0 TPIP @ TP il 5 1-Ht% %2 1

MLz lnTtELrboLBbhd, —J, Fig. 3-6,7,8 TR Lz TPIP
2L B TP v 7 F oMl ORE X, Fig. 3-9 TR LML R TP &0/
ORRE LI L TREY, ZOZ L, TPIPIZL D TP v 7 F Al A =X
L5 TP OMIIEFR R & DR UM bFET DA REtE 2 R L T\ 5%,
TPIP (1315 7 X / [#) 13 TPa (343 7 X /), KON TP (407 7 X/ [k) & L
L CHEICERRSFTHY, TPIP 2 TP © C REGfEEIHEAT 5 2 & TTP
&G XU IERL TPIP USND X R OFEG I ET D RHEE LS XD
N5, £7= TPIP % TPa. TPR ® C KIHHEIK L EE S T 5 313 05 328 K H
DT 2 BRERICH AT D (Fig 3-4) 2 ENHLMNIR- 20, AEE Lz
TP OfENLIE C RIGES 721 TH Y . Z S OMIapfEs; & TPIP A3F8 AR
THARMELEZ NS, ZHE T TP OIS LS A AHEARE & Hl
FTHH U RTERNL O SN TV D72, 73], TPIP (249 % TP 54
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MOFEMEHLNCT 5 Z EIXBEED TP #EG X /7B L OFESEN OBA
SOMAERZHER T 5 ECIHEFICHEETH S,

ABETIE, FHTPREAR X X EE L TCTPIP ZREL, ZDX /X7 ENR
TP 7Nzl T5Z EE2HONI LT, SBIZEOIMEIA =X LD—D
& LM Lo TP &b S 51FEMEZ R Lz, Lol TPIP I2X%
TP ¥ 7 F AHIWER O A 7 = X 2 AFRRYE 22D CILARMIA 72 5855 78 % <
HEN TS, 5%, TPIP OfEA A B = X ARABNEEN/RIH SIS Z LI
KO T TP > 7 F AT A =X LR BN 2 eSS,
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T, GPCR &4 %Y 7 niE EALT L ZNETEZLR
T E MR Tl <. Bix R 72 L o THEMEAR GBI 25210 5 2 & 039
L7 > T&E 2, BUEMEA STV D EFR A EE G OK 475 GPCR % ¥ —
o R LTSI ENnBEEZTYH, GPCR OflHEEHE 2RI+ 25 2 & 1315
OB 22RE oy & AT 2 L7200 ik BEFERLOER#BTFO S5
72 % BRARRC BIE ] 00 F& I A 00 BRAE K VBRI TR N D, ARRFZETIXI I b
GPCR > 7' )Vl B O — i 2 B & 23 5 72D, RGS9-1 D GAP {E MR
HAE R OV TP O C RKIaHEA & 2 37 BIZ X A OV TRt &2 T o 72

%2 FE T, HIRL~UIZEBIT 5 ROAP @ RGS9-1GAP JE e MM A AR E
77 hENTHZEERI Uz, AR Mg L~z Th RIAP O GAP IE
MAREER R SN2 &X°, RIAP 12X % RGS9-1 OAEE 7 7 b ~DRTE
623 Gao E DG LG TDHEVIBMEZ RLIZZ LI, TRETHVENE
72 ROAP @ GAP {EMEREREE Z B 5202 L2 b DO TH D R7T-RGS OiE M
a4 5 ETHEHERALTHLEEZZOND, £72, RIAP IZxfT 5
RGS9-1 OFEEHEMIS°, RT-RGS 77 I U —D 95 H RGS9-1 1212 RGS9-2 &
RGS11 & ® RIAP OFEAMEL SN Lz, E5HIC, ZHETORE L1384
D RGS9-1 & RIAP L OFEAIZIX RGS9-1 43 +-H® DEP KA A » LSMINTE
BA S ETHD Z EBRIDH THLNI R oT=, 2O &%, #Hiz7z RT-RGS
Iy 7 ORRICEE L B®REFFOL B b, 5612, RGS9-2 &£ RGS11 A
RIAP L AT HZENH LN E1E, in vivo IZBWTZEILSL RGS
25 ROAP IZ X 5l 227 TWHAREMEZ R L TR Y . PHARESRICE T 5
R7-RGS DH#i7=72 GAP IEMEHEBEAE ORI IZ&SLHS> b D L b b,

728 3 ETIHEREY — A 7 U v RIEEZHWT TP OMIfEA C RimERIC
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WETDHH I EOWHZFT, TP interacting protein (TPIP) % [7E L 7=,
E BT TPIP O TP & 7 F MREIx T 2 B A REt L, TP 2§ ofkx e
TFNEIHIT D AR LN Lz, £72 TPIPIC X 5 TP & 7 F Vil A 7
=ALD—o L LTHilaRmO TP I BEZ D SELHZ L 2H LM LT, B
A, TP X7 T =2 MEFEW S LIXEFEICA v 24 —F IV EB—va 9528
MHESNTEY, 2 XV MlaREo TP &8 L, 20/, v 7L
DWWFNBNERZEIND T ERMBATNAH[99], RIFETH LR -T2
TPIP (= & ZffafE TP B 1%, TP OHIAEA~D b T 7 4 v 7 DRLES,
TP OA 2 —F V= a BOMIAE~D U YA 7V o 7 @O 72 &
TP OHIE NGRS %2 TPIP 2§ L T\ D AR B 2 5 b, —J5, TPIP
(X PTHR ° LA U v M ZHEEMANEH Ligho72Z &ne, TPIP (X TP
FEAIZ/ER LTV 2 ATREME D R Sz, L L, TPIP mRNA & TP mRNA
DRBAZ = PNET LS =L TWRWT Evb, TPIP X TP & 7 F L4
TERLISN ORfEZ FFOFREME D BETE T, SR SO R IMFBLETH 5,
TX A (TRE SOV OUHE ML/ IMR O BRI 28> 2 &b | BIERRIK TK
s e R I R BB D TRIRIR & U C TX AL A kSR FLE 58 TP F5 ik 73
AsinTng, A, FHizl TP O 7 F V& Hli#E+ 5 K1 & LT TPIP % [A&E
L7cZ &d, ABBIR ORI 2 A 5 7 O O EHEE & L TR T <,
ISR DEIN S GFEY DO Z—7 > Myf & LTEEEEZ X bILD,

ARFFEIE, ROAP } O TPIP (2 X %5 GPCR iEMHEOFREI &\ 94 £ TR S h
TWieho7z GPCR il D~ A H 5202 Lz, R9AP <> TPIP 2z
GPCR v 7 FNEHIT 22 LV EOREITAHEOICHA 5 &b b,
ZNENOHIE L 2 X7 'E D GPCR ¥ 7 F /WA I E A EE M & S AT 5
% Z Lid, B L GPCR TEMEFREIBAE 2 B & 209 5 & 3212, GPCR #&EEFHI
DT RFEB Y FEH LT D 2 Eicie s L Bbhs, 4%, GPCR H&HEH
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