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G

GPCR

1

GPCR 7

1000

GPCR G

Wettschureck and Offermanns, 2005

 

 

 

G  

G GPCR

G

G G

G

G

G Ras-like 

GTPase Helical 1 Ras-like GTPase

GTP G1 G5 5 G

Helical GTP

G

G GDP GTP

G

G Ras-like GTPase

3 Sprang, 1997  

G 19
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Gs Gi Gq G12/13 4

2 Gs

cAMP Gi

Gi G t G gust

G12/13 p115-RhoGEF PDZ-RhoGEF LARG

GTPase Rho Neves et al., 2002 Gq

G q G 11 G 14 G 16 G 15 G 16

G C- PLC- IP3

G q

G 11

G 14 G 15 G 16 G 14

G 15 G 16

Gq G q G 11

G 14 G 15 G 16

Hubbard and Hepler, 2006  

 

 

G GTPase  

GPCR G

GTPase GTPase

GEF GTPase GAP GDP GDI

3 3

GDP G G G GDI G GDP

G

GPCR GEF G G

GDP GTP GTP G G

G GPCR G G

G GTPase GTP

GDP G G GTPase

G GAP RGS Regulator of 

G-protein signaling Gilman, 1987; Kaziro et al., 1991  

G RGS RGS

20 120

RGS G GTPase

G
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Berman and Gilman, 1998; Ross and Wilkie, 2000 RGS

RGS

GPCR

RGS RGS

GAP

Riddle et al., 2005

RGS G G

Hollinger and Hepler, 

2002  

GoLoco LGN AGS3 G

GoLoco G GDI De Vries et al., 

2000; Natochin et al, 2000 GoLoco G

G G Bernard et al., 2001; Natochin et 

al., 2001 GoLoco

neuroblast

G

Schaefer et al., 2000; Willard et al., 2004  

 

 

 

RGS GoLoco G

RGS GoLoco AGS1 GRIN

G GTPase

Blumer et al., 2005 G

G

G q Ric-8A YM-254890

GEF Ric-8A G

Gq

YM-254890 G q
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1 G G  

A) Ras-like GTPase Helical 5 G

 

B) G i GDP G i PDB :1GP2 Ras-like GTPase

Helical Ras-like GTPase I

II III G i GDP
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G Ric-8A  
 

1-1  
 

RGS GoLoco Gi

Gq

RGS G q

G q Two-hybrid screening

Ric-8A Resistance to inhibitors of cholinesterase-8A , 2003  

Ric-8A RIC-8 RIC-8

Miller et al., 1996

G q-G o

EGL-30 (G q) EGL-8 (PLC- ) Diacylglycerol 

(DAG) GOA-1 (G o) DAG DGK-1 (DAG kinase) 

Lackner et al., 1999; Nurrish et 

al., 1999; Miller et al., 1999 Miller 2000 RIC-8 EGL-30

RIC-8 EGL-30

RIC-8 G Miller et al., 

2000  

G q Ric-8A Tall

Ric-8A G Tall et al., 

2003 Ric-8A in vitro G i G o G q GEF

GPCR G GEF

Sato et al., 1996; Blumer et al., 

2005 Ric-8A G GEF

G GEF

Ric-8A G

RIC-8 Gq

Ric-8A Gq

Gq Ric-8A  
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1-2  
 

 

Ric-8A cDNA FLAG

pCMV5-FLAG GST pCMV5-GST

Ric-8A N C cDNA Ric-8A cDNA

PCR pCMV5-FLAG

Ric-8A

pEGFP-myr-N3 Ric-8A cDNA Miyamoto et al., 2004 EGFP

FLAG

pMyr-Ric-8A-FLAG  

 

 

 

293T 10% 100 µg/ml

Dulbecco’s modified Eagle’s medium (DMEM) 37 5% CO2

LipofectAMINETM 2000

 

 

 

 

293T Lysis buffer (20 mM Hepes (pH7.5), 100 mM NaCl, 3 mM MgCl2, 1 mM 

DTT, 1 mM EGTA, 1 mM Na3VO4, 10 mM NaF, 20 mM -Glycerophosphate, 0.5% 

Lubrol-PX, 1 mM PMSF, and 1 µg/ml leupeptin) AlF4
-

AlF4
- (10 mM MgCl2, 5 mM NaF, 50 µM AlCl3) 3 293T

AlF4
- Lysis buffer 14,000 xg 10

FLAG Protein G-Sepharose (GE ) 4

1 Lysis buffer 3 Laemmli sample 

buffer 95 5 SDS-PAGE

PVDF  (Millipore) PVDF 5%

TBS-T (20 mM Tris (pH7.6), 137 mM NaCl, and 0.1% Tween-20) 1

1 2 TBS-T 3 HRP

2  (GE ) 30 ECL (GE ) 
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MAP  

293T 24 DMEM

24 PTX (200 ng/ml, 18 ), Gq

YM-254890 (10 µM, 1 ) 100 µM ATP, 100 nM -1

ET-1), 100 µM m-3M3FBS 5 Lysis buffer

ERK

LAS-1000 image analyzer (Fujifilm) PVDF ERK

 

 

 

 

24 293T

20 Krebs-Ringer-Hepes buffer (20 mM Hepes 

(pH7.5), 136 mM NaCl, 4.7 mM KCl, 1.25 mM CaCl2, 1.25 mM MgSO4, and 1% BSA) 

3 10 µM pirenzepine 10

10 µM carbachol 4% PFA/PBS 20

0.1% Triton X-100/PBS 5 10%FBS/PBS 1

FLAG  (2.5 µg/ml) 2

PBS Alexa Fluor 488  (Molecular Probes) 

(1000 ) 1 Perma Fluor (Shandon) 

LSM510 (Zeiss)  

 

 

 

 ([Ca2+]i) Ca Fura-2 acetoxymethyl ester 

(Fura-2/AM) 293T Suspension buffer (20 mM Hepes (pH7.5), 

140 mM NaCl, 5.4 mM KCl, 1.8 mM CaCl2, 0.8 mM MgCl2, and 5.6 mM glucose) 

dish

2 µM Fura-2/AM 30 40

Fura-2/AM Fura-2/AM

Suspension buffer [Ca2+]i

F-2000 (Hitachi) 8 x 105

37 10 µM YM-254890 5

100 nM ET-1, 100 µM m-3M3FBS  
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GTP S  

FLAG-Ric-8A 293T

FLAG Lysis buffer 2 Reaction 

buffer 20 mM Hepes (pH8.0), 100 mM NaCl, 1 mM EDTA, 1 mM DTT, 10 mM MgSO4, 

and 0.05% Genapol C-100 2 100 nM G q 10 µM 

[35S]GTP S (10,000 cpm/pmol) 20 6

Stop buffer (20 mM Tris (pH7.7), 100 mM NaCl, 2 mM MgSO4, 0.05% Genapol C-100, 

and 1 mM GTP) 

Wash buffer 20 mM Tris (pH7.7), 100 mM NaCl, 10 mM MgSO4

2 G q GTP S LS6500

 (Beckman) 35S

 

 

 

 

48 293T Buffer A (20 mM Tris(pH7.5), 2 mM 

MgCl2, 1 mM EDTA, 250 mM sucrose, 1 µg/ml leupeptin, and 1 mM PMSF) 

Potter-Elvehjem homogenizer 1,000 xg 10

100,000 xg 45

 

 

 

siRNA  

RNA Dharmacon Ric-8A

siRNA 5’-GCUUGUCCGCCUCAUGACAdTdT dT

siRNA 293T LipofectamineTM2000  
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1-3  
 

1) Ric-8A G q  

Yeast two-hybrid G q

Ric-8A Ric-8A G q Ric-8A

Ric-8A N C

1-1 A Ric-8A G q 293T

G q FLAG Ric-8A

FLAG Ric-8A N

301 G q 1-1 B  

Ric-8A in vitro G q GEF

Tall et al., 2003 G q Ric-8A N 301

N301  G q GEF

FLAG-Ric-8A G q [35S]GTP S

Ric-8A G q

N301 GEF

N479 GEF

C GEF

1-1 C GEF G

AlF4
-

G q Ric-8A, N301

Ric-8A AlF4
- G q N301

1-1 D Ric-8A

N 301 G q GEF

 

 

 

2) Ric-8A  

Ric-8A

SDS-PADE Ric-8A

63 kDa Ric-8A

1-2 A Ric-8A

Tonissoo et al., 2003

Ric-8A 15



 14

Ric-8A 1-2 B

Ric-8A

1-2 C Ric-8A

 

 

 

3) Ric-8A Gq  

Ric-8A G q in vitro G q GEF

Gq

Ric-8A 293T Ric-8A

Gq Ric-8A

1-3 A siRNA (siRic-8A) siRic-8A

293T Ric-8A

1-3 A Gq

MAP HEK293 Gq

P2Y1 P2Y2 MAP ERK

Schachter et al., 1997 Gi

P2Y12 P2X ERK

Czajkowski et al., 2004; Amstrup and 

Novak, 2003 293T

ATP ERK Gq

ATP ERK Gq/11 YM-254890 Takasaki 

et al., 2004 Gi

 (PTX) G12/13 LSC-RGS

G ARKct

ATP ERK Gq

1-3 B -1 (ET-1) ERK YM-254890

PTX Gq Gi

1-3 C  

siGFP siRic-8A

293T ATP, ET-1 ERK

Ric-8A ATP, ET-1 ERK 30%

G q PLC- m-3M3FBS Bae et al., 2003

ERK Ric-8A 1-3 

D  
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Gq MAP

G q

Ric-8A ET-1

Gq YM-254890

1-4 A ET-1 Ric-8A

1-4 B, D Ric-8A m-3M3FBS

1-4 C, D Ric-8A

Gq PLC-

 

 

 

4) Ric-8A Gq  

Ric-8A Gq

293T Ric-8A 293T

Ric-8A G q

Ric-8A FLAG-Ric-8A

G q 1-5 A

Ric-8A G q  

1 RIC-8 Ric-8B PC12 SH-SY5Y

Gs Gq

Klattenhoff et al., 2003 Ric-8A Gq

FLAG-Ric-8A Gq m1 

muscarinic acetylcholine 293T

10 µM carbachol FLAG-Ric-8A

1-5 Ba carbachol 3 5 FLAG-Ric-8A

1-5 Bb, c pirenzepine (m1 muscarinic 

acetylcholine ) carbachol

FLAG-Ric-8A 1-5 Bd

Gq Ric-8A G q

 

 

 

5) Ric-8A Gq  

1-5 Ric-8A

Ric-8A Myr-Ric-8A Gq
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Myr-Ric-8A c-Src Ric-8A

N 1-6 A Myr-Ric-8A

1-5 A 1-6 B

FLAG-Ric-8A Myr-Ric-8A-FLAG 293T

ATP ERK Myr-Ric-8A-FLAG

293T ATP ERK

1-6 C Myr-Ric-8A YM-254890

1-6 E Myr-Ric-8A-FLAG m-3M3FBS

ERK 1-6 D

Ric-8A Gq  
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1-1 Ric-8A G q  

A) Ric-8A  

B) FLAG-Ric-8A G q 293T FLAG-Ric-8A C

N301 N C302 G q FLAG

G q  

C) Ric-8A GEF FLAG-Ric-8A

293T FLAG G q

[35S]GTP S G q [35S]GTP S  

D) AlF4
- FLAG-Ric-8A G q FLAG-Ric-8A N301 G q

293T AlF4
- 3 FLAG

G q  
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1-2 Ric-8A  

(A) (B) (C) 10 µg

SDS-PAGE Ric-8A G q -Tubulin
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1-3 Ric-8A Gq ERK  

A) Ric-8A siRNA TT 2’-deoxythymidine 20 nM siGFP siRic-8A

293T Ric-8A  

B C) 293T 10 µM YM-254890 (YM) 1 200 ng/ml PTX 18

293T LSC-RGS ARKct (B) 100 µM ATP (C) 

100 nM ET-1 5 ERK ERK

 

D) 20 nM siGFP ( ) siRic-8A ( ) 293T 100 µM ATP 100 nM 

ET-1 100 µM m-3M3FBS 5 ERK

4

*P < 0.01  
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1-4 Ric-8A Gq  

A) 293T Fura-2/AM DMSO ( ) 10 µM YM-254890 

( ) 5 100 nM ET-1

 

B C) siGFP ( ) siRic-8A ( ) 293T (B) 100 nM ET-1 (C) 100 

µM m-3M3FBS  

D) (B) ET-1 (C) m-3M3FBS [Ca2+]i

4

*P < 0.01  
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1-5 293T Ric-8A  

A) FLAG-Ric-8A Myr-Ric-8A-FLAG 293T

 (S)  (P) Ric-8A

Ric-8A G q G q FLAG-Ric-8A Myr-Ric-8A-FLAG

FLAG  

B) 293T FLAG-Ric-8A m1 muscarinic acetylcholine

10 µM pirenzepin 5  (d) 10 µM carbachol 3

 (b) 5  (c d) FLAG Alexa 488

FLAG-Ric-8A 10 µm  
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1-6 Ric-8A ATP ERK  

A) Ric-8A Ric-8A  (Myr-Ric-8A)  

B) FLAG-Ric-8A (a) Myr-Ric-8A-FLAG (b) 293T

FLAG  

C D) FLAG-Ric-8A Myr-Ric-8A-FLAG 293T  (C) 100 µM 

ATP (D) 100 µM m-3M3FBS 5 ERK ERK

 

E) Myr-Ric-8A-FLAG 293T DMSO 10 µM YM-254890 

(YM) 10 100 µM ATP 5  

4 *P < 0.01

10 µM
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1-4  
 

G GTPases 3 GEF GAP GDI

GPCR G GDP/GTP

GEF RGS G GTPase GAP

G G GDP GDI

G

G

Gq G q

Two-hybrid Ric-8A Ric-8A N

G q GEF C

1-1  

Ric-8A GPCR G GEF

GPCR G G GEF

Ric-8A G GEF G

Tall et al., 2003 G G G

Ric-8A GPCR G

Ric-8A GPCR Gq

siRNA Ric-8A Gq

ERK 1-3 1-4

Ric-8A Gq ERK

1-6 RIC-8A Gq

Ric-8A Gq 1) 

GPCR G GDP/GTP G -GTP

G 2) G -GTP G

3) G GTPase G -GDP G -GDP G

G Ric-8A

4) Ric-8A GEF G

1-7  

Ric-8A G q Gq G i1 G o Gi GEF

G s Gs GEF

Tall et al., 2003 Ric-8A GPCR

G Gq/11 YM-254890
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Ric-8A ATP ERK

ET-1 YM-254890

1-3 B 1-4 A Ric-8A Gq YM-254890

1-6 E Ric-8A GPCR

G q Ric-8A in vitro G i1

GEF Gq Gi

Gi m2 muscarinic acetylcholine

293T Ric-8A Gi ERK

Malik CHO

Gi ERK Ric-8A

Malik et al., 2005 Von Dannecker Ric-8B

Gs G olf G olf cAMP

Von Dannecker et al., 2005

Ric-8 GPCR G

 

Ric-8A

1-5 G

Ric-8A G Carbachol

Ric-8A

Ric-8A Gq

Ric-8A G

G RGS

RGS2 RGS4 RGS8 G

Druey et al., 1998; Heximer et al., 2001; Masuho et al., 2004

RGS3 Human mesangial ET-1 Dulin et 

al., 1999 RGS N 33

Bernstein et al., 2000 RGS4

Cys2 Cys12

Srinivasa et al., 1998 RGS7 RGS9-1

R7BP R9AP

Drenan et al., 2005; Hu and Wensel, 2002 Ric-8A

G

Ric-8A

Ric-8A  
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G G G

Hollinger and Hepler, 2002 Ric-8A

Tonissoo et al., 2006

RIC-8 Hampoelz et al., 

2005; Wang et al., 2005

G

Lin et al., 2005

Ric-8A G

 

Gq Ric-8A Ric-8A

1-5 B Ric-8A

G

G

G 1

G

Van Haastert and Devreotes, 2004 GPCR G

Servant et al., 1999; Jin et al., 2000

1% Zigmond, 

1977 PtdIns(3,4,5)P3 GTPase

Gardiner et al., 2002; Itoh et al., 2002 GPCR

Ric-8A

G RGS

Reif and Cyster, 2000; Shi et al., 2002 Ric-8A G



 26
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Gq  

YM-254890  
 

2-1  
 

GTP

G

ADP

NAD+ ADP

G G G GTPase

G s Arg210 ADP

GTPase G s

Cassel and Pfeuffer, 1978; Freissmuth and Gilman, 1989

G i C 4 ADP

G i GPCR Gi

Katada and Ui, 1982 G

G

ADP G s Arg210 GTP

GTPase G s Kleuss et 

al., 1994 G C GPCR G Akhter et al., 

1998

G Gs Gi

 

YM-254890 ADP

Chromobacterium QS3666

2-1

P2X Gq P2Y1 Gi P2Y12

3 YM-254890 P2Y1

Taniguchi et al., 2003 YM-254890

P2Y1 Gq

SRE

Gq Takasaki et al., 2004

YM-254890 Gq

Gq

YM-254890 in vivo
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Kawasaki et al., 2003 Gq

YM-254890 CHO

GPCR G q GTP S Takasaki et al., 

2004 G q GTPase

YM-254890 G q GTPase

YM-254890  
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2-1 YM-254890  

960 2 -hydroxyleucine N,O-dimethylthreonine threonine alanine N-methyldehydroalanine

N-methylalanine 7 3-phenyllactic acid acetyl propionyl
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2-2  
 

 

G q G 16 cDNA HEK293T Jurkat

mRNA RT-PCR pCMV5

G q G 16 G qR183C, G 16R186C Site-directed PCR

G q V182S, I190N, Y192A, P193C, D195S, L196V, 

I200N Site-directed PCR G q G 16

G q/16-1, -2, -3, -4, -5, -SWI16, -SWIII16, -SWIq Overlapping PCR

G i/q Tesmer et al., 2005 pCMV5

pFastBacHTa Ric-8A N GST

Thrombin pFastBac  

 

 

 

GST-Ric-8A, His-G i/q, His-G i/qI190N Bac-to-Bac

Invitrogen G q, G 13, G 1, His-G 2

 

G q His-G 1 2 Kozasa, 2004 His-G i/q

His-G i/qI190N Sf9 Sf-900 II Serum free 

medium (Invitrogen) 2 x 106 cells/ml His-G i/q

His-G i/qI190N 48

Lysis buffer A (20 mM Hepes (pH8.0), 100 mM NaCl, 3 mM MgCl2, 

100 µM EDTA, 10 mM -mercaptoethanol, 50 µM GDP, and protease inhibitors (16 µg/ml 

PMSF, 16 µg/ml TPCK, 16 µg/ml TLCK, 3.2 µg/ml leupeptin, and 3.2 µg/ml lima bean 

trypsin inhibiitor)) 

100,000 xg 45 Buffer A (20 

mM Hepes (pH8.0), 100 mM NaCl, 1 mM MgCl2, 10 mM -mercaptoethanol, 50 µM GDP, 

10 mM imidazol, and protease inhibitors) 2 mg/ml Ni-NTA 

agarose QIAGEN Buffer B (400 mM NaCl, 20 

mM imidazol Buffer A) Elution buffer A (150 mM imidazol

Buffer A) Centricon YM-30

Buffer C (20 mM Hepes (pH8.0), 100 mM NaCl, 1 mM MgCl2, 2 mM DTT, 50 µM GDP, 

and protease inhibitors)  Hi-Load 16/60 Superdex 200 pg gel-filtration column

GE His-G i/q



 31

Centricon YM-30  

GST-Ric-8A Tall et al., 2003 GST-Ric-8A

Sf9 60

Lysis buffer B (40 mM Hepes (pH7.5), 150 mM NaCl, 1 mM EDTA, 1 mM DTT, 

0.5% NP-40, and protease inhibitors) 100,000 xg 45

2 mg/ml

Glutathione-Sepharose 4B (GE ) Buffer 

D (20 mM Hepes (pH7.5), 400 mM NaCl, 1 mM EDTA, 1 mM DTT, and protease inhibitors) 

Elution buffer B (20 mM Hepes (pH8.0), 100 mM NaCl, 1 mM EDTA, 1 mM 

DTT, 20 mM Glutathione, and protease inhibitors) 

Centricon YM-30 Buffer E (20 mM Hepes (pH8.0), 100 mM NaCl, 1 mM 

DTT, and protease inhibitors)  Hi-Load 16/60 Superdex 200 pg gel-filtration 

column SDS-PAGE

GST-Ric-8A 160 kDa 2

GST-Ric-8A G q GEF

160 kDa GST-Ric-8A

Centricon YM-30  

 

 

GTP S  

G GTP S filter-binding

Sternweis and Robishaw, 1984 100 nM G q

YM-254890 Assay buffer A (50 mM Hepes (pH7.5), 1 mM EDTA, 1 mM DTT, 0.9 mM 

MgSO4, and 0.05% Genapol C-100) 20 5 10 µM 

[35S]GTP S (10,000 cpm/pmol) 300 mM (NH4)2SO4

G s, G i1 G o GTP S Assay buffer B (20 mM Hepes 

(pH8.0), 100 mM NaCl, 1 mM EDTA, 1 mM DTT, 10 mM MgSO4, and 0.05% Lubrol-PX)

G 13 GTP S Assay buffer C (20 mM Hepes (pH7.6), 1 mM EDTA, 1 mM 

DTT, 0.5 mM MgSO4, and 0.05% Lubrol-PX) 10 µM [35S]GTP S (10,000 cpm/pmol) 

G i1 G 13 25 G 20

Stop buffer (20 mM Tris (pH7.7), 100 mM NaCl, 2 mM MgSO4, 

0.05% Genapol C-100, and 1 mM GTP) 

Wash buffer 20 mM Tris (pH7.7), 100 mM 

NaCl, 10 mM MgSO4 2 G GTP S

LS6500  (Beckman) 35S
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Ric-8A G q GTP S Tall et al., 2003

100 nM G q 10 µM YM-254890 Assay buffer D (20 mM Hepes (pH8.0), 100 mM NaCl, 

1 mM EDTA, 1 mM DTT, 10 mM MgSO4, and 0.05% Genapol C-100) 20 5

10 µM [35S]GTP S (10,000 cpm/pmol) 200 nM GST-Ric-8A

 

 

 

 

100 nM G q 50 mM (NH4)2SO4 Assay buffer A 2 µM [3H]GDP

4 µM [35S]GTP S 20 18

100 nM G i1 Assay buffer B 2 µM [3H]GDP 25

2 25% G 

1 mM GDP 2 mM 

GTP S YM-254890 750 mM (G q-GDP ) 1150 mM 

(G q-GTP S ) (NH4)2SO4 Assay buffer

Wash buffer

 

 

 

Trypsin protection  

50 nM G q 0.05% Lubrol-PX Assay buffer E (20 mM Hepes (pH8.0), 100 

mM NaCl, 1mM EDTA, 1 mM DTT, 2 mM MgSO4, 10 µM GDP) AlF4
- (10 mM 

MgCl2, 5 mM NaF, 50 µM AlCl3) 25 2

DMSO 10 µM YM-254890 30

1 µg/ml TPCK-trypsin (Sigma) 15 Laemmli 

sample buffer SDS-PAGE G q C

G q/11  (Santa Cruz) G q

 

 

 

In vitro  

50 nM G q 0.05% Genapol C-100 Assay buffer E DMSO 10 µM 

YM-254890 16 1 200 nM GST-Ric-8A 500 nM 

His-G 1 2 1 Glutathione-Sepharose 4B
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Ni-NTA agarose 4 1 3

Laemmli sample buffer Coomassie Blue

G q  

 

 

G G  

293T G , G 1, FLAG-G 2

48 10 µM YM-254890 30 AlF4
-

2 PBS 1 µM YM-254890 AlF4
-

Lysis buffer B 14,000 xg 10

FLAG  (Sigma) Protein 

G-Sepharose (GE ) 4 1  

 

 

 

293T 48-well plate Lipofectamine2000 G , 

pSRE-Luc pEF-RLuc DNA

pCMV 300 ng/well 20

YM-254890 18 PBS

Dual-Luciferase Reporter Assay System (Promega) 
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2-3  
 

1) YM-254890 GEF G q  

G GEF G q GEF

GPCR Ric-8A YM-254890

GPCR G q Takasaki et al., 

2004 YM-254890

Ric-8A G q YM-254890 in 

vitro GTP S

GST-Ric-8A G q [35S]GTP S

[35S]GTP S YM-254890 2-2 A

YM-254890 G q Ric-8A G q GST-Ric-8A

YM-254890 gultathione-Sepharose

pull-down G q GST-Ric-8A YM-254890

2-2 B YM-254890 GEF G q

 

 

 

2) YM-254890 G q GTP S  

Substance P GPAnt-2 GEF G

GEF G Mukai et al, 1992 2-2 B

YM-254890 G q Ric-8A YM-254890

1 G q GEF Ric-8A

G

Tall et al., 2003 YM-254890 G q

Ric-8A G q YM-254890

G q G q

GTP S YM-254890 G q

G 

Helper et al., 1993 G q GDP

G q GDP

Ferguson et al., 1986 100 

nM G q [35S]GTP S 300 mM

G q [35S]GTP S 10 µM YM-254890

2-3 A YM-254890
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100 nM G q [35S]GTP S YM-254890 50%

IC50 26.9 nM 2-3 B G [35S]GTP S

YM-254890 100 nM G s, G i1, G o G 13 10 µM 

YM-254890 [35S]GTP S YM-254890

G GTP S 2-4

YM-254890 G q

 

 

 

3) YM-254890 G q GDP  

1) G GDP 2) 

G 2

YM-254890 G q

GDP YM-254890 [3H]GDP

G q 400 mM GDP

[3H]GDP YM-254890 G q

[3H]GDP 2-5A G i1 [3H]GDP

2-5 C G q [3H]GDP YM-254890

50 nM G q [3H]GDP

YM-254890 IC50 18.0 nM 2-5 B YM-254890

G q G q GDP

 

 

 

4) YM-254890 G q  

GDP G q YM-254890

YM-254890 G q

AlF4
- GDP G AlF4

- GTP

G

AlF4
- G GTP

GTP G Tesmer et al., 1997; Sprang 1997

G q YM-254890 G q

G Trypsin protection assay Trypsin 

protection assay G G Trypsin

G 2-6 A G 
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N II Trypsin

G II Trypsin

G Trypsin 42 kDa N

38 kDa Miller et al., 1988; Lambright et al., 

1994 GDP AlF4
- G q Trypsin AlF4

-

AlF4
- G q

AlF4
-

G q YM-254890 Trypsin

2-6 B YM-254890 G q

 

 

 

5) YM-254890 G q GTP S  

YM-254890 GTP G q GTP

[35S]GTP S G GTP

G GTP Chidiac et al., 1999

G q 600 mM G q

GTP S YM-254890

GTP S 2-6 C YM-254890

G q GTP

YM-254890 G q

G q GDP GTP

 

 

 

6) YM-254890 G q  

G G

YM-254890 G q G

G q His-G 1 2 in vitro G q

His-G 1 2 YM-254890

Ni-NTA Agarose pull-down YM-254890 G q His-G 1 2

2-7 A  

G q YM-254890

G q His-G i/q G 1 His-G 2CS G q N

His-G i/q N 32
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G i1 G 2CS

C Cys Ser

Sf9 His-G i/q G 1 His-G 2CS

Sf9 G

Tesmer et al., 2005 G q G q

G 1 His-G 2 Sf9 G i-like His-G

Kozasa, 2004 His-G i/q G q

YM-254890 GTP S  

[35S]GTP S YM-254890 IC50 100 nM His-G i/q 23.9 nM

2-9 F 100 nM G q 26.9 nM 2-3 B

His-G i/q CS GTP S YM-254890

G His-G i/q CS GTP S YM-254890

2-7 B  

G q YM-254890

G AlF4
- G G

G AlF4
- G G YM-254890

293T G q G 1 FLAG-G 2 YM-254890

AlF4
-

FLAG FLAG-G G q

AlF4
- G q G YM-254890

YM-254890 G i1 G 2-7 

C YM-254890 G q G q

 

 

 

7) YM-254890 Gq

G q  

Gq G q G 11 G 14 G 16

Gq YM-254890

G 16 Hepler et al., 1994 AlF4
-

G 16 G YM-254890 G 16

YM-254890 YM-254890 AlF4
-

G 16 G 2-7 C YM-254890 G 16

YM-254890 G 11 G 14 G 16

G 15
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YM-254890 G

YM-254890 G q

1 G q

G i/t PDB : 1GOT

G q YM-254890

FR900359 G Ras-like GTPase

2-8 A Helical 2

Ras-like 

GTPase GDP GTP 3

I: II: III: 

1 YM-254890 3

G q YM-254890

YM-254890 G q Thr47 Arg210 Arg213 Glu241

2-8 B G 

II Arg210 Arg213

III Glu241 G Thr47 YM-254890

G q G 11 G 14 2-8 C Thr47 YM-254890

G Thr Ala

G qT47A YM-254890 G qR183C

G qRC 293T SRE

SRE

G q

G qRC YM-254890 G qT47A-RC

G qRC 2-8 D Thr47 YM-254890

 

 

 

8) G q I YM-254890  

G q YM-254890 1

YM-254890

G q G 16

G q/16 G q/16RC YM-254890 G 

G q/16 YM-254890 RC

SRE G q/16
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SRE 2-9 A, B Helical N Helical

C G 16 G q/16

G q/16-2, -3, -4 5 µM YM-254890 SRE

YM-254890 G q/16-1, -5

YM-254890 3

I III G 16

G q/16 G q/16-SWI16 G q/16-SWIII16 YM-254890

II G YM-254890

G 15 G q II G q/16

G q/16-SWI16 YM-254890

G q/16-SWIII16 YM-254890 G 16 G q

I YM-254890

G 16 I G q G q/16

G q/16 Helical

N G q G q/16-SWIq

G q/16 G q/16-SWIq YM-254890

G q/16-SWIq SRE 5 µM YM-254890

7 G q/16-SWIq YM-254890

I YM-254890

 

YM-254890 G q G q/16-SWI16

G 

YM-254890 G q G 11 G 14

6 2-9 C G 16

G q G qRC V182S I190N P193C D195S L196V I200N

SRE YM-254890

G qRC YM-254890 IC50 3.23 ± 1.10 nM

I190N IC50 145.1 ± 11.2 nM YM-254890 40

V182S P193C IC50

V182S: 7.24 ± 1.06 P103C: 13.52 ± 1.06 I190N G q YM-254890

I190N His-G i/q

His-G i/qI190N Sf9

His-G i/qI190N His-G i/qI190N GTP S

2-9 E His-G i/qI190N [35S]GTP S

His-G i/q I190N G q GTP S
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His-G i/q His-G i/qI190N [35S]GTP S

YM-254890 His-G i/q

YM-254890 IC50 23.9 ± 6.47 nM Hill coefficient -2.14 ± 0.22

His-G i/qI190N YM-254890 IC50 107 ± 5.95 nM

-0.93 ± 0.12 2-9 F I190N G q YM-254890

G q I Ile190 G q YM-254890

 

 

 

9) G q-YM-254890  

G q/16 G q

G q-YM-254890 2

2 YM-254890 2-10 A G q

I 2 G q YM-254890

YM-254890 G q 2 1

Tyr192 1 Glu191 2-10 B

Tyr192 YM-254890 Tyr192 Ala

G q Y192A Y192A SRE

YM-254890 Y192A G q

YM-254890 15 2-10 C YM-254890

G q Tyr192 YM-254890

G q-YM-254890
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2-2 Ric-8A G q YM-254890

 

A) G q GTP S 100 nM G q DMSO 10 µM YM-254890 3

GTP S 200 nM GST GST-Ric-8A

2 1  

B) G q GST-Ric-8A In vitro 50 nM G q DMSO (DM) 10 µM YM-254890 (YM) 

200 nM GST-Ric-8A GST-Ric-8A G q pull-down

G q  
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2-3 G q GTP S YM-254890  

A) 100 nM G q DMSO 10 µM YM-254890 3 GTP S

300 mM  

B) YM-254890 100 nM G q YM-254890 300 mM

120 GTP S  

2 1  
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2-4 G GTP S YM-254890  

100 nM G s (A) G i1 (B) G o (C) G 13 (D) DMSO ( ) 10 µM YM-254890

GTP S 2 1  
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2-5 G q GDP YM-254890  

A) G q GDP 100 nM G q 2 µM [3H]GDP

 [3H]GDP 50 nM G q GDP 500 µM GDP 400 mM

DMSO 10 µM YM-254890  

B) YM-254890 50 nM G q GDP YM-254890 120

 

C) G i1 GDP 50 nM G i1 GDP 500 µM GDP DMSO

10 µM YM-254890  

2 1  
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2-6 G q YM-254890  

A) G q Trypsin protection assay Trypsin

GDP G q 2 Trypsin AlF4
- G q II

Trypsin 38 kDa  

B) YM-254890 G q Trypsin protection G q GDP AlF4
- DMSO 

(DM) 10 µM YM-254890 (YM) Trypsin G q G q

G q 38 kDa  

C) G q GTP S YM-254890 100 nM G q 4 µM [35S]GTP S

 [35S]GTP S 50 nM G q GTP S 1 mM

GTP S 600 mM DMSO 10 µM YM-254890

2 1  
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2-7 G q YM-254890  

A) G q His-G In vitro 50 nM G q DMSO (DM) 10 µM YM-254890 (YM) 

500 nM His-G 1 2 His-G 1 2 G q pull-down G q

 

B) G q GTP S His-G i/q G 1 His-G 2CS 200 nM His-G i/q CS

DMSO 10 µM YM-254890 3 GTP S 300 mM

2 1  

C) AlF4
- G G G G i2 G q G 16 G 1 FLAG-G 2

293T DMSO 10 µM YM-254890 (YM) 30

AlF4
- 2 FLAG

FLAG-G G  
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2-8 G q-YM-254890 1  

A) 1 G q Ras-like GTPase Helical

2 GDP Ras-like GTPase 3

I: II: III: YM-254890 3

 

B) G q-YM-254890 G q YM-254890

 

C) G q Thr47 Arg210 Arg213 Glu241 G

YM-254890 G q G 11 G 14  

D) G q T47A SRE YM-254890 293T G q

G q T47A WT RC pSRE-Luc pEF-RLuc

YM-254890 18 G  WT SRE 0% G  RC

SRE 100% 3
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2-9 G q/16 G q YM-254890  

A) G q G 16 G q/16 G q G 16  

B) G RC SRE YM-254890 293T G  WT

RC pSRE-Luc pEF-RLuc DMSO

5 µM YM-254890 18 G  WT SRE

0% DMSO G  RC SRE 100%  

C) G q/16-SWI16 G 16 G

YM-254890 G q G 11 G 14  

D) G q SRE YM-254890  

E) His-G i/q I190N GTP S 100 nM His-G i/q His-G i/q I190N GTP S

300 mM F  
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F) His-G i/q I190N GTP S YM-254890 100 nM His-G i/q

His-G i/q I190N YM-254890 300 mM 150 GTP S

G GTP S 100%  

B, D, F 3 E

2 1  
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2-10 G q-YM-254890 2  

A) 2 G q G q/16-SWI16 G 16

1 YM-254890 2 YM-254890

 

B) G q-YM-254890 G q YM-254890

 

C) G q Y192A SRE YM-254890 3
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2-4  
 

G q YM-254890

YM-254890 GEF Ric-8A

G q 2-2 G q GDP/GTP

G 2-3

2-4 GDP GTP GDP/GTP

YM-254890 GDP 2-5

YM-254890 G q GDP

G YM-254890

G i  

YM-254890 G q GDP G i GDP

GoLoco De Vries 

et al., 2000; Natochin et al, 2000 GDI GoLoco

G AGS3 Takesono et al., 1999

G i GoLoco X

YM-254890 YM-254890

GoLoco

G G GoLoco

G G GoLoco G G

Bernard et al., 2001; Natochin et al., 2001 X

GoLoco G G

Kimple et al., 2002 YM-254890 G q G

2-7 A YM-254890 G q

2-7 B, C YM-254890 G q G q

GDP  

YM-254890 GoLoco G

YM-254890 G q

AlF4
- G q YM-254890

G q Trypsin protection assay

2-6 B YM-254890 G q GDP

GTP S 2-6 C

YM-254890 G q

GoLoco G i-AlF4
- G i-GTP S

G i-GDP De Vries et al., 2000
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G q G q YM-254890

YM-254890 960 Da

Biacore

 

YM-254890 G G q/16

G q YM-254890 G q I

Ile190 Tyr192 YM-254890 2-9 2-10

I GDP GTP

Sprang, 1997 GDI G GoLoco

G i-G G i-GoLoco G i I

I Arg178

G1 Glu43 Salt bridge R178/E43 Salt bridge

GDP GDP

2-11 A R178/E43 Salt bridge

G GoLoco GDP

Wall et al., 1995; Lambright et al, 1996; Kimple et al., 2002

G qR183C I Arg183 Cys Arg183

Glu49 Salt bridge G q Arg183 Glu49 G i1

Arg178 Glu43 YM-254890 G qR183C

YM-254890 GDP R183/E43 Salt 

bridge GDI

 

2

G q-YM-254890 1: 2-8 A 2: 2-10 A

2

 

1 YM-254890 G q 3

GDI G i R178/E43 Salt bridge

YM-254890

GDP G GoLoco

1 GDP

YM-254890 GDI G q

YM-254890 GTP S
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2-6 1 YM-254890

GTP S 1

YM-254890 II III

YM-254890

I YM-254890 II III

G G 2-11 B G

1 G q G q YM-254890

 

2 YM-254890 G q I

YM-254890 1

YM-254890

G q G II

G Trypsin G Trypsin

2-6 B YM-254890 G q

II Trypsin YM-254890

G q II G

I III II

G YM-254890

YM-254890 G q

G q GDP

GTP

I G

G

G q G q YM-254890

2 YM-254890 G q

2-12 Ile190

Ile190

Asn

YM-254890  

G q-YM-254890

G q YM-254890

G q-YM-254890

YM-254890 G q

YM-254890
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G q-YM-254890

X G q-YM-254890

YM-254890

YM-254890 G
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2-11 G  

A) G G i R178/E43Salt bridge G i PDB : 1GP2

G1 I Glu43 Arg178 Salt bridge

 

B) G i GDP G i PDB : 1GP2 GTP S

G i PDB : 1BH2 G i 3  
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2-12 G q-YM-254890 2 Ile190 YM-254890  

A) G q Ile190

YM-254890  

B) G q Ile190 GDP YM-254890
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G q Ric-8A YM-254890

GEF Ric-8A Gq

Ric-8A

G Gq

Gq

YM-254890

YM-254890 G q GDP G q I

YM-254890

G q-YM-254890

YM-254890  

Ric-8A YM-254890

Ric-8A GPCR GEF GPCR G

Ric-8A G YM-254890

GDI G GDP G

G q Ric-8A YM-254890

GEF Ric-8A G q GDP

YM-254890 GDP G GDP G

GPCR G GDP

G GDP 2

Ric-8A YM-254890

G GPCR G

G  
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YM-254890

YM-254890 G q

Ric-8A

G q, G 13, G 1, His-G 2

G i

5

5

5

 

21
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