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Abstract: Uveal melanoma (UM) is one of most common ocular cancers and is extremely malignant; so far
there is no effective treatment. Moreover, the survival period is only 2-7 months after metastasis. It has been proven
that more than 83% of uveal melanomas harbor mutations in G protein subunit & ¢ (GNAQ) or G protein subunit a 11
(GNA11), among which 95% are a Q209P/L single-site mutation. Q209P/L mutations lead to dysfunction of
guanine triphosphatase (GTPase) in the G protein and result in constitutive activation of downstream pathways
including mitogen-activated protein kinase (MAPK), phosphoinositide 3-kinase (PI3K)/protein kinase B (AKT),
Ras homologue (Rho)/ Rho-associated kinase (Rock)/Yes-associated protein (YAP) and others. Therefore, targeting
GNAQ/GNA11 mutations are potential strategies for UM treatment. This review will focus on roles of G protein
mutations in UM progression, and the potential therapeutic effects of GNAQ/GNA11 inhibitors, and will provide
insights into basic and clinical research on UM treatment.
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0 i BE A0 &K% (uveal melanoma, UM) 2 i A IR
A 5 H DL R R, 4 A0 2 9 1.3/106~8.6/10°0,
29 15 B3 5B £ K8 1) 83%. o T A 2B 10 F R 1 3%~
5%, UM 4F K T Bk 25 5 (90%) - IR 4 (6%) AT i
(4%). EFXF UM [ 567 va 97 & 22 A4 OR B IR BkVG 9T
(BUTT PO VR T 45) MBRERTR TR . KRBT
J&i, 90% [ UM M N [ 4F, {EATS 45 50% F 3 £ J5L AL
7 )5 B 1~15 4E N kA AT 55 7, 80% LA b 4% 72 2 JiT
I FEAET:, — BRI 2~7 A HEL
B F2 MR ) UM A] SR H 1A ROR 97 T BoAS 2 1%,
AL FE A0 ST FNEE [ ¥R T AE N I R T B R B3
S B B PR UM R 3 AR A S E2ST Il PR R R R
& J8 (cutaneous melanoma, CM) 597 T B H T
R UM SRR MR ITY, BAR DR P4 st T 1
(programmed cell death-1, PD-1) 55 2 % £ S8 T fic f4& 1
(programmed cell death 1 ligand 1, PD-L1) 41 H./E F
o PERG T A B BRI VA CM BT 30 2, (HAERE B
PEFIUM i, PD-1 #0549 2 HL 4T (nivolumab, 7 i 44
OPDIVO) FIR I #.471 (MK-3475, 7 & 44 Keytruda) 76
IT J I PR w350 716 4 25 97 200, X ] g 5 UM IR i 8 2R
AR i faf (tumor mutation burden, TMB) Fl 42 # 1| Al -+
Fik LA . HHHE R, 83% LL UM B AR
i SR — AR G B A Y Gaq T3 (G protein subunit
a 0, GNAQ) I 2 5 5 V5 = T 4K G & [ 1) Gagll T3
(G protein subunit a 11, GNALL) #iF 538, % 548 &
UM & A= i 80 R 2= e

UM U {5 5 8 % B A 2 5, 72 UM 1 Im R R
J7 o, W DA G E R U 2 R AL B B (mitogen-
activated protein kinase, MAPK). f JIE ¥t UL % 3- %
(phosphoinositide 3-kinase, PI3K)/ZE [ i fi§ B (protein
kinase B, AKT).Rho ### (Ras homologue, Rho)/Rho #H
% Wl (Rho associated kinase, Rock)/Yes i 5% & M
(Yes-associated protein, YAP) 525 A5 518 % DL K 32 44k
1% % R B4 (receptor protein tyrosine kinase, RTK) il
PRI R T B [y T (K 1), R4, 45%~
86% 11 J5 A 1 UM Jivd 47 7E MAPK i % 1 % {1 1529, G
|EAE A ZIE R B IE A AR R AR
2 fih & MAPK I8 2% 0500, 2 G R A R AERE I
BRI B 42 5 Rho & WA 1% 1 2 A8 3 K1 ¥ (Rho family
guanine nucleotide exchange factor, RhoGEF) 45 &, i
i Rho/Rock 15 5 id i, {2k F-I13h & 3 (F-actin) F1%E .
%47 PE LG (focal adhesion kinase, FAK) filf FR 4 407 .
F-actin il i 3¢ 4+ 11 45 & 2 12F YAP A TG i Vi (%) 1w 5 AH
KA A E AW & R, FAK ] YAP 127 fi 22
2 (S) M BR 1k, it 3F YAP 357 {if g & R (Y) Wk iR 1k

(YAP 127 £ 22 5 B 5 R Ak 5 B0 YAP 2K i, 357 v i
P2 Tl TR AL B2 /3 YAP A28 1 A 1), 2 idE YAP # iz
40 1% 5 % 5 K 7 TEAD (transcriptional enhanced
associate domain). SMAD (Smad protein) & 4= #% 5% ¥
TEM, SR SEAE 2 MR AN, YAP BOE T DL S i
98 T 240 M AR 2, R 33 PR A A R RS B R 24 1k S 18T,
Bk, G H H RARWEE T ilF PIBKIAKT {5 5@ #, HF 7T
4t 11 50% [ UM 17 7F PISK/AKT 15 5l % id i% 1k, 1H
7E UM H 0@ B 30E 32 222 T RTK B 43 W B0 A
%5k &K [A] Y5 & 4 (phosphatase and tensin homolog de-
leted on chromosome ten, PTEN) Ifj G &k 4012, 11 J
F PTEN {2 i3k PIP3 25 i B2 1 411 1] PISK/AKT 18 i#% ¥
WEUA, HAT, IR B AP AL T 22 R Ak 1R 40 B A
{5 5 W 15 B B¥ (mitogen-activated extracellular signal
regulated kinase, MEK) #llil7 (7] 5 & 8 £ 5 J2).
% B C (protein kinase C, PKC) #1417 (AEBO71).
PI3K #ill5] (BYL719)RTK #fill 5] (c-Kit 1 717 J&
B Je «c-Met #1171 - 1 5 Je ) 5 x5 # #2 vE UM IR T
4 G2 A2 [, Khoja 2522 [R] i 14 2 BT it 20 4F I
Ji& 11 29 491 o) % e 1 UM I TT B i R X 36 A 90 3R B,
TR 9T LN 2 AR K T 10%. R, &5 R R M UM
S HEONA AT RS . G R ARG E N UM
RAE T R, LR BEVE AR A B R B T RN AR
H ¥ G E EEAAYW B RIS OB IR RATHE T
UIESE, P G 2 A 40 57 FRO00359 7 G & F R AL 1)
UM 2 b B R G T s R 242, [t 32 m) G
B ARSI IT K AT RE R IRYT UM B R S R
FETT M
1 GEHWAIBINGESRTHE

G & M 18 Bt 3 1k (G protein-coupled receptor,
GPCR) X A& — AN P K 1) 41 i 38 Th) i85 o =2 AR 5K i, &
2RI 800 Z AN H Bt . GPCR 215 1A 43 WA R 1 25
Z M A Dy RE, [R5 R | e R0 JIE A5 2 R K
AHEVIRR, & EEN G R —, HEr# R
GPCR HJ 254 5 111 8 254 1 20% ~300%2027, 1y
GPCR R RH M7 P K, B TR &5HEN (GHE
F) /& — 20 8 R 2 (guanine dinucleotide phos-
phate, GDP) Fil =% % # (guanine trinucleotide phos-
phate, GTP) A i FESE M TR N B2 1, B A 7K il GTP
N GDP [f] GTPase i&i . GE AW NHEARGHENA (NG
EE)MRE-RAEGCGEAREYM (KGEH). KG
% 14 B Ga (39~52 kDa). G/ (37 kDa). Gy (6~9 kDa)
3N HE 2 Fi 128290 (11 2) .
11 GEBRMFECABSEIENGE GEAMELE
JE ARG IR, fEAEVEARES N Ga T2 5 GDP 45 &, 4
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Figure 1 Tumorigenic signaling pathway in UM. MAPK signal pathway: phosphorylation level of MEK/ERK be promoted by G protein
activation, at the same time, the selective overexpression of RasGRP3 in G protein mutation UM synergistic promotes the activation of
MAPK pathway. Rho/Rock/YAP signal pathway: G protein activates F-actin accumulation and FAK phosphorylation by Rho activation.
F-actin accumulation causes the dissociation of AMOT-YAP complexes, thereby contributing to YAP nuclear translocation; FAK phosphory-
lation can directly inhibit the phosphorylation of YAP S127 by MOB1/LATS (YAP S127 phosphorylation leads to YAP inactivation), while
increasing the phosphorylation of YAP Y357 (YAP Y357 phosphorylation promotes the stability and activity of YAP). PI3BK/AKT and RTK
signal pathways: the decrease or loss of PTEN function or RTK autocrine activation often occurs in UM. PTEN can dephosphorylate PIP3
to antagonize PI13K activation. In addition, RTK can promote the MAPK signal pathway through Ras/Raf. UM: Uveal melanoma; MAPK:
Mitogen-activated protein kinase; MEK: Mitogen-activated extracellular signal regulated kinase; ERK: Extracellular regulated protein
kinases; RasGRP3: Ras guanyl releasing protein 3; Rho: Ras homologue; Rock: Rho associated kinase; YAP: Yes-associated protein; FAK:
Focal adhesion kinase; AMOT: Angiomotin; MOB1: MOB kinase activator 1; LATS: Large tumor suppressor kinase; RTK: Receptor protein
tyrosine kinase; PTEN: Phosphatase and tensin homolog deleted on chromosome ten; PIP3: Phosphatidylinositol 3,4,5-trisphosphate; Ras:
Rat sarcoma; Raf: Rapidly accelerated fibrosarcoma

G & A LLF U = FRAK (Gapy) 05 GPCRIE A
Ek (B 2a). 24 10 GPCR &2 2 4h FL T E i /4 47
W5 T s G E H JE, GTP HUR GDP (& 2b)Eost,
B )5 Ga 5 GAGy —RIKMAR, & BLHET. Galk
S BPE A A RN G, B A1 GTP K
fift 7y GDP (&l 2c)P, Jf FE Ik 5 GBGy ¥ ik = 5 44 [n] 3
AEEHORE (B 2d), 45 T — IR f5 55 .

BT Ga WWE 7 A D Re B AR L, 7T LK G
43 N A4 Fh 25 K G Gs. G12/13 il Gqi2333 ([ 3).
Gs KL F Gog Ml Gag®, 1% 4 J5 12 2F JIf 1 1R 3 4k
i (adenylate cyclase, AC) 7= A= 55 — 15 ¥ PA il R i 1
(cyclic adenosine monophosphate, cAMP), 4% T ¥ V&
CAMP K #S ) R HEE . Gie GEATRAHHZH
MK, B FHE Gayys Gagps Gaigs Gogas Gagg~ Gogn
Gotyg~ Goi~ Gagyy 1 Ga B, Gi vl 1 J 7= £ 55 Gs #H % (1)
EPEEINRE . GL2/13 ZEAL 7% Gay, Ml Gay,, FLiE )5
T A 5T 4% RhoGEFs®, A\ JE T Ga 28 % = B+
GatgGatyy~Gayy-Gayge Gog Fl Gouyy TEVE PN | IZ 434, B

HABER T S AL ik 88%). Gory, A AITEH
Jit IS5 28 B, Gayg R AERF E 116 I 480 i 9 3R 184,
Ga it 1k J5 e 38 A B CB (phospholipase CS, PLCS) 7K
fift 4,5- T B& g E B (phosphatidylinositol 4,5-biphos-
phate, PIP2) 7= 4= 5§ — {5 fif = % g JULEZ (inositol 1,4,5-
triphosphate, 1P3) A1 — &t H vl (diacylglycerol, DAG),
IP3 7] ik — 3 FEUM T Ca? W FE 1S =y IF 51 K — R ANE
PN

12 GEHR5GPCRIESHESMIEEM GPCRE K
£0,75 800 Z AN Ei bt , AT LA b TR AA SO, 1 G B A
HEHNHER, GPCRE G & A MEKBE AL
Je. WFIEER M, GPCR 5 G £ [ (8] {5 Bk A7 78 ik ¢
PEBS 4 g1 B iR & 5% 4 (B1-adrenoceptor, S1AR) Al
i ¥ {0 % %2 1K 6 (5-hydroxytryptamine receptor 6, 5-
HT6) B Hk Gs (K 4a); Attt GPCR ] LLH Ik £ Fi
G & A, W g2 B IR 3 5% f& (B2-adrenoceptor, f2AR)
BE T LA B Gs S AT LU IBE Gil*s* (4] 4b); HE 4k GPCR
PARBENE —Fh G | A, W Z B AK 32 & 1 (muscarinic
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Figure2 G protein cycle and mechanism of action. GDP: Guanine
dinucleotide phosphate; GTP: Guanine trinucleotide phosphate;
AC: Adenylate cyclase; cAMP: Cyclic adenosine monophosphate;
PLCp: Phospholipase Cp; IP3: Inositol 1,4,5-trisphosphate; DAG:

Diacylglycerol; RhoGEFs: Rho guanine nucleotide-exchange
factors

acetylcholine receptor 1, M1) ¥ 3 Ji5 1 {# B% Gq; Flock
GBS GPCR 5 G H H IR MBI T Ga I
— BREE MR ST LR 7 41, %7 51 W] LA GPCR )
ANTR]) X35 AT IR, AN R ) GPCR G i AN [A] i 5% 2 5 Ga
AR EEER T Y45 G, T GPCR KL S8 T A
[F3) P A% {58 FH AN [ 1R R R AR AR 6] Ga B, LA R

15 T P AR . GPCR TE S [ 440 1 1] £ B R R
FRRAF KA —Fh 4 RF Go B AR IOE R, (H AR i
RSG5 — P ORFFIC AR 45 & e 1k, (H 20
Ga H HBBOE £ . HIPAHF Ga & H 1) GPCR W1k
H Go £ FUBICIE B 2 MR —#H S 4k 2 i ke, L =2
HH[F] (1) 45 4 7% % (GPCR-R1 5 GPCR-R2, & 4c), {H i1
F GPCR i I i 78 i 4 4. 5 G B 1 346 49 M 17 <2 301 41
A ] Ga £ (1, W 224 AN [ 1 45 5 5% FE0% (GPCR-R3
5 GPCR-R2', M 4c). GPCR 5 G & [ ARk e 612
G B /N3 4570 F FF R AN BE G UE S L 1 S fui 2
WA -

1.3 GEHWEAEREZESUM UMZE—FiLIRAE N
SRR AE A Ji R, 0 GNAQLGNALL. 3 & Bk (1 = 4
% 4K 2 (cysteinyl leukotriene receptor 2, CYSLTR2) [
HFRAR, DL HAZ BB U5 ¥ 1X (eukaryotic
translation initiation factor 1A, X-linked, EIF1AX). 84 1]
¥ 3B1 4t (splicing factor 3b, subunit 1, SF3B1)+
BRCAL #f1 5% # 1 1 (BRCAL associated protein 1,
BAPY) [i] H.J5 AR & (35 100133803839 G 55 [ AL PG
5 UM ¥ J A TG 78 %5 D) AH Q081 ) 4 R 3R
95% LA | ) GNAQ. GNA11 7 48 4 v 7 209 £, DL
209 L 7y 28 Ik iz (Q) TR NS MR (L) Bilifi 2R (P) K
F . 209 7 73 A B AL AL T GNAQ AT GNALL /) RAS 45
P38, 1% 45 F 385t G ) GTPase iif 14 %5 J¢ L 2071, 209
RLZRAZ 1] B S 2 Ga [ GTPase y& M2 25, MM 1# Ga kb
FREEIR A0, Q209L M1 Q209P R A5 #1 i Ga
TN RN A SRSy, AR Ga 5 GAGy WAL . Ik
Ah, Q2090P KA K GEAFESHSFM T EA

Family  Expression Effectors
— Ga, Ubiquitous Adenylate cyclase, ¢-Sre tyrosine
— el | G e s Kinases RGS-PX1, Ca?*channels
Gay, Widely distributed
—{ G s
Gay, Widely distributed
EGa“ N focrine cells, astroglia and heart Adenylateeyclase, cGMP
Ga,g Gi N ine cells. astroglia and heart phosp c-Srety
kinases, rapl GAP1. Ca** and K~
— Gay, Retinal rods, taste cells ey
Ga,, Retinal cones
—Ca Taste and brash cells
Ga, Neurons, platelet, adrenal chromaffin cells
Ubiquitous
I_l_ g.f‘,‘, Ubiquitous
L Ga, Gq e Phospholipase Cf. LARG RhoGEF,
PO3RhOGEE, PKCE
Gay, Hematopoietic cells
Gay, Ubigquitous
G12/13 P11SRhoGEF, E-cadherin
- - Gay; Ubiquitous
60 80 100% amino acid identity

Figure 3 Phylogenetic relationship of human Ga subunits and their expression and effectors
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Figure 4  Selective conjugation of G protein-coupled receptor (GPCR) with G protein. a: Several distinct receptors couple to the same Ga
protein [p1-adrenergic receptor (81AR) and 5-hydroxytryptamine 6 receptor (5-HT6)]; b: Receptors couple to more than one Ga protein [52-
adrenergic receptor (82AR)]; c¢: Evolution model for ligand and G protein selectivity of GPCRs. GPCR-R1 and GPCR-R2 conjugate the
same G protein by changing ligand selectivity and preserving G protein selectivity, and share the same G protein binding residues. GPCR-R3
and GPCR-R2' conjugate the same G protein by changing G protein selection, but share different binding residues

Table 1 Mutations in UM

Percentage of

Gene Description . Mutation type
gene alterations
GNAQ G protein subunit a q 50% Missense mutation: activating hot spot mutations on GIn209 and Arg183°+l
GNA11 G protein subunit o 11 45% Missense mutation: activating hot spot mutations on GIn209 and Arg183L°+3
CYSLTR2  Cysteinyl leukotriene receptor 2 4% Missense mutation!®!
EIF1AX Eukaryotic translation initation 13% Missense mutation and inframe mutationt®®!
factor 1A, X-linked
SF3B1 Splicing factor 3b subunit 1 23% Missense mutationt®!
BAP1 BRCA1-associated protein-1 33% Truncating mutationt®!

(regulator of G protein, RGS) X} Ga i1 14 i #5149 (] 5),
RGS J& — 2K GTPase ¥ i &1 H (GTPase-accelerating
protein, GAP), i itk B #: 5 #E [1) Ga T3 GTP /K
fit (>1 000 £%), &1 G & 15 5l B R E 2, Hior R
et kAT 1834, AR (FF&IR) 183C ((EMEATR) K
AR ARZIRAR (1) R AR SRR AN G B S SR AR
A J 209 FL RAZE, R, #2 ) Go AL TRAR, L H 2
Q209 o7 AR AT T UM VR IT 209 B A K= o
2 BB[E Go HIHFI RO & i R

3£ T GNAQ/GNALL £ UM [f) = 53l & A¢ | 2 7]

ity

GNAQ/GNALL /]s 73 ¥ 4 il 7] FF & 1T & 2 UM 8 97
W LT S 1 S m . SR, BE A G R AZ I ST Ak T
W BL . H T2 E 1 8 1% G ## FA YM-
254809 11 FR900359 Az H AT A4, 72 G & H it 571
i BIM-46714 Jx H. — 51k BIM-46187 1 £ JIkK G & A
FEPUAl-2A. 27 B EL K (1860A) %5

21 EEFE M Gq #I & 5 FRI00359 1 YM-254890
FR900359 Y # UBO-QIC, T 1988 4= M 18 4 2k b 1R
Ardisia crenata sims F 2L 2 55453 21, E A H ] /i
RN B I 25 F A B, YM-254890 - 2003 M 2
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Figure 5 Ga mutant activation. When GPCRs are not activated

by ligands, wild-type Gag maintains a low activation state, mainly
due to low affinity for effectors (purple arrow) and inhibition of
regulator of G protein (RGS) and GAGy. When Gaq 209 mutated,
its affinity for effectors increases (the thicker the red line, the
stronger the affinity), and its sensitivity to negative regulation of
GGy decrease. In addition, the Q209P mutation reduces the sensi-
tivity to negative regulation of RGS

FF A7 sp.QS3666 & [ ik 1 43 85 43 2, #HIAE Ny — For
G RN R S T Pl L M S S 71 (1 PSR 1 2 v
Y M-254890 FI FRO00359 & H >k Y5 A [7], {H 25 #4 £ Ak I
AR (1 6)

Y M-254890 #f %} FR900359 % B i, 1H A1 2 55—
AN AIE S AT 3% % M S 1) Ga 1 B0 #1790, Y M-254890
[ R 3I Je AR 2R G 326 45 14 100 i 7 % A 9 G 380 & G
TIBE IS 5 K H A BB . 2010 4F Nishimura 2147
A3 3] T YM-254890 5 Gq & [ I 45 &, B IRt
TCEASNMN TEAMESEMER . TS
£, 2015 4 Inamdar S5 “HIE 5 FRO00359 1 /& — Ff ik %
P G 4 7, %F G12/13.Gs M Gi AN B A7 #1E .
Y M-254890 Hl FRO00359 1 9% H IR fif =3 4 1l 771) (GDP
dissociation inhibitor, GDI) 4 7 45 & %) 5% 0 4% R 45

Gaq
¥ GTPase domain

Linker 1

Figure 7

: O
TN

o, M MN_o

HN OOY OL@

H 0 N

AAP gt Lo
O /Nj)ko R,

HO ‘wo/

NH

o)_ "
YM-254890: 12, =CH, R,=CH,
FR900359: 1 =CH(CH,), R,=CH,CH

Figure 6 Chemical structures of YM-254890 and FR900359

A A8 G4 BE 1 (linker 1) FIJF% T (switch 1) 45
Fy g 2 18] . Switch T # %A 72 3 2 G & [ 1%
U U YA JE BRAS T switch 1123)), 53 GDP
WRA TR R 45 A D48 N, 3@ i B GDP/GTP 22
U G b T RIFIRERA (K 7). T YM-254890 12
T2 4 7= 2K B B A, DR B DLRAAE
Gq fiF 7t T H A, 17 & IF A Gl PR 5% . 2016 4F
Xiong 2514 B T Y M-254890 A1 FR900359 & H:AT4: 4
()4 B L% 28, I & Y052 Y M-254890 £l FR900359
] Gq 19 1C, 43 5l 9 0.095 F1 0.033 pmol-L*, 1iE 5k
FR900359 #2 H fif X Gq # il 2 R i i b &4, (A&
R By A A AR fd 45 YM-254890 F11 FR900359 1) K #i
P 5 AT AR AN AT RS2 B . 2 52 YM-254890 Xf Gaq
R183C 7% % ik 41 i 250 2 BH 2 4F T~ Gag Q2091191 T
FR900359 7C it i 1 4= 7 . 183 28 48 1 209 54 # 45 W
SRR RS, H | L FRI00359 fF iy UM BiF 5%
T HAED.

TE A& Ah 5256 | Feng 5122245051 {IE B FR900359
7£ GNAQ/GNAI11 % 75 [f) MEL270. OMM1.3. 92.1 Al
UMOO02B 4 Jfd F 751) & 49t s 0 1) 4 B A7, 1T %+ BRAF

P
inactive state : ]

Helical domain

YM-254890\_7/

active state

Crystal structure of Ga with YM-254890 (PDB: 3AH8) and schematic for YM-254890 inhibition of Gq GTPase. YM-254890

bounds to the hydrophobic activity near the GTPase domain, thereby allosterically stabilizing the GDP-bound fraction by inhibiting the

release of GDP from Gq
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AL [ SK-MEK-28 Al OCM3 41l jitg, 7 [l 571 & F JLFA
BA 540 B AF ] . FRO00359 A 7E 3D % 7 th 71 B 4k
FEAMHH OMML.3 40 i v [ T& i, 12 33F UM 48 il G1 A FH.
T 20 M AN ) 40 PSR 55 . FRO00359 HAE FH 2K
REGEHRALEA B, #87R GEHRAE
BEAE N UM 3R 3l R 2245 UM S 186 5 o 7 40 ELAT
76 UM & J% /) 808 {5 5 @ #% o, FRO00359 1] 4111l Rho/
Rock/YAP iffi i S5t 15 11 FAK B4k, I LA ARy
AL YAP S127 BEER AL, # ] YAP s A fxe24, 7
MAPK {5 538 % 1, FR900359 X} G & [ 548 £k v] 71 &
AN R IiF ERKIMEK B ER b 7K F, Xt 2 %0k G &
[ 58 AR PR A ) 250 A B 22420, Ak, FRO00359 1] /i
Sl IR E A2 (polycomb repressive complex 2, PRC2)
DUERY, (i 1t 28 €5 2 40 i 7 47 1k, £8100F SE PRC2 7E BL4E
UM 7E 4 1) 22 i i o B A 4 R B 20 i A P R 2
EE R HEE A, ) SRR I, AT BRAF 5
A% () UM, FR900359 X} Gq 2748 [ UM S Fi f2 he 98 A5 1
BRCRE, DL AT IR, BN G & AR AT
Ji IR 25 AT A B A W AT B AL
22 32 G E B #M# 57 BIM-46174 F01 BIM-46187
BIM-46174 5& —RIK M FEIR G /N T4 54 (4 8).
2006 4 Prévost 2533} i BIM-46174 432 G & [ 01
I, AT B 0 1) L 7 & (cholera toxin, CTX) /i &
Gs Wi 51 2 111 cAMP ZK ¥ It &1, 1 4 B ME = A 5 AC
WO 51 cAMP B T HI I AL, I BLaT Ty 540 il
Gs B % GPCR /™ S # cAMP #1 2, Il 4h, BIM-46174
TEAR N A0S 56 o 32 S5 7 H A0 ) e 4 i 14 5 A7 S
F= 28 S5, L 7E 200 M 7K P 000 40 i 389 5 1) 1Cs0 9
0.6~25 umol-L*B, Xf G & [ HAth 5, BIM-46174
i Gg A3 1 1PL (IP3 K fif 7= 104 7= A, F 5% i B
Gilo 1) Wnt-2 %5 Hfi 52 14 FE X G 1 /= 2 A 22 %
JE RS2 T W AT AR 2B R I 0 R . WI2B
i, BIM-46174 X172 G & 134 — e il /E A,
BIM-46187 /& BIM-46174 [f) &tk — &K R (K
8), LA HE A B AT 51 kD 9 Z A i U B, S g e
A AR 50 W A 1F RIS, 2009 4E Ayoub 259 % B BIM-
46174 AT £ GPCR (Bi Rl IR R 221k V2. p2 ' I
[ NN TR N SN 8 NN S 1 R N2 IR 7
R SZ AR Ay S 2 T R ZAK) /51 IPL.cAMP [1)7= 4=
H SRE-Luc 7't 2 i 4 15 FE K & ik, & B BIM-46187
Xt Gs.Gi.Gq 1 G12/13 B A ¥ i i /E H . A FH A4
Rt (BRETEM) Rl e L4k fig B4 8 (FRETO) &I,
£ H 41 ) GPCR. G & H 41 f #% ' BIM-46174 ] i i
Hi 5 Ga W44, AT G HE 15 GPCR & & 41H #1
HAEH, s3I GDP/GTP A2 #: 41 i1, 2014 4= Schmitz
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Figure 8 Chemical structures of BIM-46174 and BIM-46187

ZE8LE i 4y F 5 7 2 AR HL (molecular dynamics, MD)
% BIM (BIM-46174 1 BIM-46187) [/ Fi A5 2 i HT %
AHFFE, #E0 BIM (BIM-46174 1 BIM-46187) 45 & 5|
Ga V.3 a4 ¥ (a4 loop) Fl ad 12 JiE (ad helix) 2 [a], DA
FoVF GDP A% B IR 45 & 1 48 iR H FH 1E GTP ik A
77 ¥ Ga W £ 4 15 S5 4 A7 il T YM-254890 Al
FR900359 14 GDP ¥ 4 7E 1% H W2 45 & 1 42 B8 (14 9).
ZAEFT 45 R 5 Ayoub ZEISSSIR JE [f) BIM-46187 1E F T
Gauip 1 1K 1) 11 = 5 22 A 5} 12 7% BIM-46187 f2 ¥ GDP
filg BEBHIE GTP &5 A — 5. H4R BIM-46187 1 N —
Pz G & A 3SR, H 240 A B AR 7 A48 G &
F1E5 . 7E5EE 40 A BIM-46187 R4 Gq s 5, 4
Wi Ga B F R IE F EAEEZ F B2z & Y
RO, E 454 | BIM-46187 b ¥4k BIM-46174
% 7 14 —Hi, {5 Schmitz 25814 i 7£ CHO 41 jity
1 HEK?293 41 i 7, BIM-46187 Lt BIM-46174 . 7
PRI Go MMEIER . BeAh, TE M AMRE 5B 2 1F R 2 Bk
BIM-46174 W] 58 2 ¥4k — AR L 1, R st n
ARV A WA S DA BB v, R T
S LB T3 5 R T N, B R AR L AR R
TN T e

23 GEBEEMN-2A G HEAIKHU-2A (G protein
antagonist-2A, GP-2A) j& — R+ —Z& LR 4 Ik (sub-
stance P, SP) 2R Bl4, & H & ¥ %1 v Arg-Pro-Lys-Pro-
GIn-D-Trp-Phe-D-Trp-Met-NH, (/& 10), 15 — 2% 45 ¥4 —
ELARIWARIE . EWIE R —Fl SP 5 B 77 A il W 4 e B
JRAE 0 5 4k 30 AT 4] Ga AR B 1) ML 2 AR A 51
GTP /K fi, T Xt Gi 5Bk H) M2 Z 4R A 5 1) GTP KR T8
B R FI Y, 5 SRR 1E, GP-2A #JH 4 Ik GPANt-2
(pGlu-GIn-D-Trp-Phe-D-Trp-D-Trp-Met-NH,) 7] il Gi
IR M2 32 4R Gs B g2 5 EIR R Z RN 31
GTP /K fi#, GPANt-2 LA nJ 1 77 X\ 55 GilGs 7& 4+ PE 45 &
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tional intermediate along the activation pathway by allowing GDP exit but preventing GTP entry
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Figure 10 Chemical structure of G protein antagonist-2A (CAS number: 89430-38-6)

GPCR 41l G 8 H V& . 17 GP-2A X} G & [ #1141 i
—EA L, B, AR B 1 X G A ik
PEMBOR B ) E Rk — D &
2.4 275 EBK (1860A) 27 5% %= ik (1860A) (27mer
(1680A)) £ —KRETHEHA-EAME/EMHTAE K —
KA Rk, BRI Ga R iE RN, ¢ (PLCB 1 p63Rho-
GEF) 3 UL A UL i & #h B2 JiE 45 #9 (helix-turn-helix,
HTH) 4 & %) Gq 19 Switch 1T A2 i 45 ¥ o3 2 [A] «
27mer (1860A) J& PLCA HTH 45 ¥4 1 860 7 5 % 4 12
(1) A NHER (A) K27 7% 3 ik (His-Gln-Asp-Tyr-
Ala-Glu-Ala (860 f7)-Leu-Ala-Asn-Pro-lle-Lys-His-Val-
Ser-Leu-Met-Asp-GlIn-Arg-Ala-Arg-Gln-Leu-Ala-Ala),
HAEE DR AR 4 KRR 2% 5% 4 M 45 5 Ga 1 #1T G
HATE . MRASZEG 3 B 27mer (1860A) X i 44 1 Gq
HE SRR (K = 400 nmol), 1H A 45 4 Gay, < Ga,
M Ga 52, {H H R 27mer (1860A) HIHIB% & 41 i i
ARG IR M SR I — P H .
3 IMNEERE

UM  Gq Iy = 4 58 A8 72 {5 22 W 9 3 JE L 26 5%
£5 3 GPCR-G 118 I =y S R AL 5 iE R A4E b, &
IR P B2 AR K, BRIk 2 G R A R AE & M
it HOBE AR TR, A7 e 28 R i g R G SR 2R
5 70%I0%, 7F I Bz P T 9k ELIR H Gy, 2742 2R AE 24% /i

A Gl HRBERIEH T H AT . Hilk#
PE UM 4TS 88 72 At LB 7 BT b, I PR VA 9T T+ Bt
AR FT UM G 1@ RAL 2, 110 Gg FAZ 0
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AU, [RIE, HF R AN G 2R A B AT e R e B 1
PRI & e . B AT IESE, AT LR B R A G
) 40 81 74X A5 Y M-254890 11 FR900359 & H: 2Bl 4,
B2 2K BRI B T2 2% 77 AR A R A 1T
M DAL R A A 72, i AR AR SR R AN AR B G R ik 4
PEANSER, 5 TF IR 25 ) 75 B 1] 58 SRR Ak G RS T 1
A 33 30 BT A1 R, DLRE G0 T 48 IR 1) Gg IR S 5 .
I, ST AT B R P R G AR B A

UM B8 15 5 I8 B BoA & 0, 2T UM BUR (5
5 1 T R 1) 45 T R AT 58 R B, SRS A [ B — 7
FEHE RO e S pl 24, A DUEUAS B 38 AR A7 3R 28, DA Utk
H ATET 05 R 1 1 UM — i 325K 2 30 % 22 31 S A
2o BBAL, X UM B8 38 55 EEAT B0 b er ) 22 K] ik
Tl DT B R A b ) T T s B AR A R BE A R
MEIT T 5. WGq oA UM B, T G R
A H % fih 5 Rho/Rock/YAP {5 5 38 % 3% 1317681, $1 IR
X Gq RALI UM 2% 2 dE 47 ¥E 7] ¥R 97 I, AT £ X Rho/
Rock/YAP il % 45 & MAPK . PI3K %538 i T J& 1t & H
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