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RIS ITBST) =it i & 1 W, 75 AT N[ — 3T (anti-

AR o s Y . BRI BT 45
TR ) A5 Sz 6 UE SEMTHZ 4K AEHEK 29341 Jitd  fig
i Fe e Kk AT I W AR 2 . FRATRIN,
MTHSZ 78 5 4k, i J0ES 11 85 3t J . A2 3 1 G/ 118
HAA S, GiloARZ H5iX—i . HE— B oTir sk,
MTHEE A 5 Gi/oth AN 5Gs AR e, 4 %2 AAMTH#
L P Y O AN -stunted 00 5 25 5 RS B 12 IR ERK
P AL G o I e st 25 B4 HE— 3D WF FUMTHAZ 4
(1) R A 5 i B T kA

1 MR T

1.1 ##l

1.1.1 Fik B smie % % AYMTH-BEE [ 1) )5 kr
pcDNA3.1-Myc-MTH-B(MTH-BJ& MTH %% {4 1) — i
W REE B AR, 76 SO MTH-BYY FIMTHEE 75)
HEK293/Myc-MTHE: i 4il fu bk, 34 b1 55 [ e 4 /- K
*Huang Xinyun#{Z#2t. pcDNA3.0-Flag-B2ARJi{
Fr e R e A BRI e AR Ak 2 S A
HoAED) AW T AN AR el . Glosensor [Tt fi I 5
Promega’y . HEK2934H il 5% 7% 3 Y DMEMSE 4=
95 (GIBCO), 710 %Jia4- 1135 (Hyclone).

112 2K 7) Ak MTHI¥) A 5 P BT AAN-
stunted(7E: ]2 14 N %) H L5 R AR S e
Y6 Gk Fluo-4 AMIY H Invitrogen/s ) (Carlsbad, USA).
G418, Sulfinpyrazonelly [ Sigma-Aldrich/A ] . 5%
b T4 B4R R anti-Myc 9E10(Santa Cruz), anti-
GAPDH(CST), anti-Flag(Sigma), rabbit monoclonal
anti-ERK., p-ERK(CST), HRPFx it ) #H . — $i(Pro-
mega). ZFILE A 28 FABSAY H Sigma /s 7

1.2 7%

1.2.1 fminis HEK2934i1Jitd, H 5 10%/i6 7} Ifi.
i MDMEMSE 4 55 772 3L, F37 °C%5% COL [t 85 77
iR RAERRE DU IEIAT A R Y. $545
2 pg DNA BN 1 L0SANHEK 293 40 fifd f) EL A7 34 T
1.2.2 & & Pidotr S48 WA . 64L
B BEFLLA300 WL (62.5 mmol/L Tris-HCL, 3%
w/v SDS, 15%H i, 2% beta-3i 3& £, I, pH6.8)% fi#
41, 875 513 200 2005 minfg BiE. EEE
I FE 22 10% SDS-PAGE H ik )i #£#% FIPVDF i I,
PVDFJiE T~ £ [ 9 (£70.05% Tween-20, 5%/lit JIg 5% ¥

Myc (1:1 000). anti-Flag (1:1 000) flanti-GAPDH
(1:10 000)#; B T'TBSTH) 4 °Chif § il . 4 TBST
P83 VR o HTHRPERIC 1) Pl B A1 he FFH
TBSTYE % 5, 4ECL Plus & { i (Amersham) {7 {f,
1~5 minf&],

123 REFRIAEE K 5 IRAE96 LI T THEK
293/Myc-MTHI i FH 4% F % %35 F [ %2 10 min, 28
J& H10.2% Triton X-1004€ vK _E % B510 min, F H $t
Myclf] — HTL(9E10 1:800)% i % &1 h. PBSTE 4 it
)5, InAlexaFluor 5467 Yt bric It —Hi(1:1 000)=
W1 he 5 HS ug/mL Hoechst 3334251505 &
10 min%e4% Ji5, FOlympus IX71{5] & %¢ 5t . 1l 58 A
2. M.

1.24 45AF % ¥ 3R HEK293/Myc-MTH4
e 20 LR A4 10/ 4L 10 85 P2 4 A T 96 L1 v %
F:24 him, % BRE IR, B 4L A40 uLE2 pmol/L
Fluo-4 AM{JHBSS(1J % 5.4 mmol/L KCI, 0.3 mmol/L
Na,HPO,, 0.4 mmol/L KH,PO,, 4.2 mmol/L NaHCO:s,
1.3 mmol/L CaCl,, 0.5 mmol/L MgCl,, 0.6 mmol/L
MgSO., 137 mmol/L NaCl, 5.6 mmol/L D-glucose#!l
250 pmol/L sulfinpyrazone, pH7.4) T B F£#6 Hh 0 &5
45 min. 2 J5W 24k}, IS0 uL HBSS = I i 7
10 min, & J5 H FlexStation 31 LA 1% (Molecular
Devices, Sunnyvale, CA, USA)K I, #5MAXAE TR & I
5] &5 H 3l0K25 uLif 5 FN-stunted i A\ 2] J W AK 5
th, S ARG DU A B IR AR A P g L R e
JGHRE I AR .

1.2.5 GloSensorTM cAMP#:t] LI L RS
Promega /A w (1) 7 i ¢ W H5 £ 4T, KFHEK293/Glo-
sensorft 4 Ak 40 il LLS> 10*4>/ L 16 %% 52 4 Fih 196 4L
71 (Opaque, Corning) ™ 55 7824 h)i5, 2=k 1 77 5,
REFLINA45 uL Glosensor™ cAMPERHER: TR 2%
Glosensor reagent, 88% CO, independent Medium H1
10% FBS) =4 AT 1~ 790 min. §F 77 45 405 I
N T ) (s 7 s 51 770) I 7 B /EFlexStation 3
THALAAST IS A

2 FR
2.1 HEK293/Myc-MTH#245 40 fatkF1pcDNA3.1-
Myc-MTH AL B E E

HEK293/Myc-MTHZH Jid # £ 52 26 1A 7 Hf Myc
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b 25 IMTH™ . B A1 53 9 H 4 9% G €4 Fl Western
blot# iiF pcDNA3.1-Myc-MTH 5t ki J% Fa 6 40 i bk v
MTH 2K E % . & 1AFT7R, HEK293/Myc-MTH
R H 40 g 3 1t G 0 i) WMy kR 25 B, HAR A —,
IMHEK 29341 Jf £ 1fi A W, 4 t4, ik 5XHEK293/Myc-
MTHZH i 2 14 7 E R IAMTHAZ A4, HLAZ A4 1) 40 i
W EAL IE W o« FATTIHI IR FH Western blotXf pcDNA3. 1-
Myc-MTH SR 2EAT T %2 . HEK293 41 i I I % 4%
pcDNA3.1-Myc-MTHJ5T ¥i Jii, $iMycl]Western blot
AJ DUAS I 21 217 5 My chr 85 (IIMTHAZ A4 (1) 2R 3, 1 4i
i 2 G A3 3R B TEMy b 2 b it IRIM THEA A ARG
FIRF S (K 1B).,
2.2 MTHSGq/11+B{8EX 5 AR E5HT EF

O A i 2 W], MTHAZ f4 g 2L py 35 7 B AAN-
stunted ¥ 5 g 51 RS 40 T P 45 B R B,
SR IX — A 38 3o b5 W8 — Fh G i 10 A 8 B9 1 5
IR0 T B . TEHS IS AR S L AR G A S S
JiE G/ 11ER (1, 2R 5 1 Ga/1 VAR 0 i I UL
155 L™ A2 28 A5 83k 1T 3 0 4 A P 45 R T
RGBT A HRE PR, Giloth i BB/ T

20 M PN A S TR R A AR A T e A S 5 B AT
& Bl {EHEK293/Myc-MTHA #% 41 g ¥k ', MTHZ
A E 3G P9 Y5 iGN -stunted [ E) R, W] 51 K
MAUE 40 i A B 1 _ETHEI2A), /R AT MTHZR 15
(FTHEK 293 41 Jfa r FH v v J5E 1 PC A R385 AT 3 A1 805
S N (FI2B), IF 82 1% I W MTHAZ AR RE S L1
BE— B I Ok s W AT G0N T, FRATESLE
T T E R E PTX AL 2 40 i A Gi/odis 11k 1%
Ko WE2DFTR, E515Gi/oAH 51X [f1deltas f 52
A (DOR) L e 44 ) 3 J& ] LIk {Ek Forskolin(Forskolin
AEOE IR FR A AL I 12E T c AMP) BT 5|2 11 41 iy
WCAMPIH b T} PTXHAL S, FiRcAMPIAK/E
FHW 2%, FSEPTX A LM#Gi/o i o 1M £EAH [ (IPTX
AL AE T, MTHI AL J5 {75 v S A5 i (&120), $2
RMTHET A5 185 38 S Y. ] R S 1l it Ga/ 114 18,
HGiloTo k.
2.3 MTHZ KR 5Gi/otB1BEX

16 LRI 5T TR AT E4IE 58, fEHEK293/Mye-
MTHZAR 8 41l f bk - MTHAZ 4K Fr A 5 545 3 s L
Gi/oAN A Ko (HEMTH 2 75 5 Gi/oAH f BE 1 2 5

A i 5 S G ok % E HEK 293/ Mye-MTHES#, 41 iu bk . Hlanti-Mychi /& JMethuselah 52 {4(£1. (%), HlHoechst 333427% 41 Jfl i (W {%); B: 1
HEK 29341 2 111 43 51l G 4 My c-M THAIM THIK) JiUbr B0 i 50RE (peDNA3.0), 4R 5 Hlanti-Mycdt {4 i Western blother Il - JFUREL 1K) 24 15 ¢, 1)

N33 A M GAPDH R 45 EFE .

A: stable cell line HEK293/Myc-MTH was analyzed by indirect immunofluorescent staining. Myc-MTH was detected with primary anti-Myc antibody

and an AlexaFluor 546-conjugated secondary antibody (red). Nuclei were visualized by Hoechst33342 staining (blue); B: HEK293 cells transfected

with control plasmid (pcDNA3.0) or plasmids encoding Myc-MTH or MTH were analyzed by Western blot using anti-Myc antibody. GAPDH was used

as an internal loading control.

El1 HEK293/Myc-MTH#E 5540 % FpcDNA3.1-Myc-MTH BRI Y £
Fig.1 Identification of MTH expression in HEK293/Myc-MTH stable cell line and pcDNA3.1-Myc-MTH plasmid transfected
into HEK293 cells



850 WA

A FIAS AR FEE [ N-stunted (100 umol/L. 30 pmol/L. 10 umol/L. 3 pmol/L. 1 pymol/L. 330 nmol/L. 110 nmol/L)#Il#HEK293/Myc-MTHAa %41
R IFHEA TS S5, A1 HI1% DMSOAEVE#IX I B: J1130 pmol/L N-stunted JFHEK 293 40 g JF- 2EAT #5556, AN A2l 17730 pmol/L N-stunt-
ed ARS8 61, C: HEK293/Myc-MTHEARE 41 i bk 43 53 F 100 ng/mL PTX A #1575 FHPTX AL B, 2 Ji5 130 pmol/L N-stunted §il 3 E4 745 %
S (7 S FIA LR 1)), (R 1% DMSOFER I 1, D: HEK293/DOREH 4L 43 511411100 ng/mL PTX AL #Lis 5 FIASFHPTX b B (1 4
HEAT 20 L P cAMPZK 4G .+ 5 F Forskolin(1 pmol/L, 35— AN Sk I 7 i ] £) 43510 min/y 41 i -h cAMPIK B IA B Je KA I il ADOR #1343l
FIDADLE(1 umol/L, 35 —ANEF Sk 7~ I ] 1), 1A SRR TPTXAE BEZH 19 40 e (4 (1), ANZRPTXAL BE 1) 40 i 1 c AMP# J% /EDADLE(1 pmol/L)
AR A AR I )

A: HEK293/Myc-MTH were treated with either N-stunted (100 pmol/L. 30 umol/L. 10 pmol/L, 3 umol/L. 1 pmol/L. 330 nmol/L. 110 nmol/L)
or vehicle control (1% DMSO), calcium response was measured; B: HEK293 cells were treated with 30 pmol/L N-stunted, calcium response was mea-
sured. And we detected the basal fluorescence of 30 umol/L N-stunted; C: HEK293/Myc-MTH cells pretreated with/without 100 ng/ml PTX overnight
were incubated with either 30 umol/L N-stunted or vehicle control (1% DMSO), calcium response was measured; D: HEK293 cells stably expressing
DOR were transfected with Glosensor plasmid and pretreated with/without 100 ng/ml PTX overnight. After 10 min Forskolin stimulation, cells were
challenged with DOR agonist DADLE (1 pmol/L) and cellular cAMP level was measured.

E2 MTHRRENE B 5Gq/11TIEGi/0E B BELS AR M $5 R L F
Fig.2 Calcium response elicited by MTH via Gq/11 rather than Gi/o

T PKAE 5 8 8% (K 4 15 g AN AT T /EHEK 293/
Myc-MTHAR 5 41 bk h 3 2 1k 5 GioAH 5 1 [ DOR
SR, SR ) il L Glosensor cAMPSE K A i 5256 ok 16
IEMTHAZ /402 75 5 GiloAH B B AT 2 55 T PKATE 5
%, EI3AFT7~, H1 pmol/L Forskolin¥il] 4 24 fitu,
2910 min/i5 40 il P cAMP/KFIE B dg KME . SER A
AN [ ¥R ffTN-=stunted, 41 i 1 [RICAMP/K SV & 2E
122K, 55 1%DMSOWE IR A A7 22 3l (KI3A);
1117 41 /£ JcForskolin iy #1145 T N-stunted J3 N A&
cAMP/KF- 7 5 (l4A, DMSO vs N), i [fl B 1) 4 it
21 umol/L Forskolinl| #4710 min, 13541 fg -H cAMP/K -
1% B 45 KAE I F 0 A1 pmol/L DADLE(DOR3Z 14

), S TS T S5 DORSZAKAH MBI IGi/o, BE
T T 40 i B PR A i 1, B 2 m R AN i
HHCAMPIK - TR PR (EI3B), #2781 & 48 N Gilo
BT EAL TR K. AR IR R R A i
MTHSZ &AW 22 D) e s AT R IE S, FRATTIR] I B4 T
THESTLSEE(KI3C). 41 iR IMTHAZ /A 7EN-stunted
BB, SR AT 5 R O E 40 i e A5 1 BT, B
HAZ A TP MTHSZ 7R AT 55 (1 AW 20 1, 12E—
WAIESE T MTHZARA L Gi/oAH B
2.4 MTHZ AR 5GstH1BEX

FERT T AR FE P BATT O HERR TMTHEZ 4K 5 Gilo
AHARIBE B T BEE, SR M ANTE EMTHE 5 HGst
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A: HEK293/Myc-MTHAER i 41 fa ik vh 4 44 T DORJF KL A Glosensor R J& JEATcAMPSE S . F Forskolin(1 pmol/L, 55—/ Sk T s [1) 20l ¥
10 min & 541 B H1 cAMP /K T35 B 5 KA IR N 35 Bk J3 (FIN-stunted, 54T 1% DMSOAE 716 RS Z AN Sk T I 1] 550), 4k 45 i 0 41 g o
cAMP7K-; B L 41 (1] B A) 2 i Forskolin(1 pmol/L, 55— Sk < i ] k) RIS 10 min 5 A5 41 i H c AMPZK 138 B KB B I ADOR 3
Z7IDADLE, £H{1% DMSOFEE 7R R — AN Sk Fras i ) 1), JEAREE I 401 b cAMP/K1 C: LR 20 A (1] B A) HI AN TR 2 TN -stunted
(10 pmol/LEL30 pmol/L, i Sk [T < I T 50 IS REAT 85 A 5256, 11 T 1% DMSOAE 7 i .
A: HEK293 cells stably expressing MTH were transfected with DOR plasmid and Glosensor plasmid. After 10 min Forskolin stimulation, cells were
challenged with different concentration of N-stunted and cellular cAMP level was measured; B: cells same as in A were stimulated with Forskolin for
10 min. DADLE (1 pmol/L) was added and cellular cAMP level was measured; C: cells same as in A were treated with either N-stunted (10 pmol/L or
30 umol/L) or vehicle control (1% DMSO), calcium response was measured.

El3 MTHZE{AR 5Gi/ofE Bk

Fig.3 MTH uncoupled to Gi/o

ARG . H 405 GsAHIRER I B2ARZ ARV I, Jk
TR I T MTHSZ A5 2 5 5 GsAH i . fEHEK293/
Glosensorfg % 4fl Jf bk Hh 3 3k T Myc-MTHZ 44
Flag-B2ARZ 14, 43 )l 347 T Glosensor cAMPSE K |
5 it 51 56 FTWestern bloths il . a1 E4A T 75, 9 H
Forskolina{ Isoproterenol(ISO, B2AR 5z 14 [¥] i 511 5))
IS Y HE 5 S 40 i N cAMP/K Y- B 25 BT F, IX R W
7641 L cAMP [ W AR Z o 1E 9 15 1 30 pmol/L
N-stunted 1l ¥ 12 41 Jf I8 AN g U8 48 i N cAMPI# 7K
F(EI4A-N), 7] I 45 3 5 46 4l 7 24 HI30 pmol/L N-
stunted il ¥ 41 i INF )5 4R fig 0k B 5 1 A i AE S (A
4B), $E iz gl i &k HAT 1B AW iE Y IMTH
AR, TR ARAS S Gs AR, FRATTIRN I T 1
RGN, R 5 R 52 A4 IE, Western blot fik 7 i
SR JE B4 IS e R IE My e bR 28 (M TH S A4 Al
i AT Flaghr % I B2ARZAA(K14C) . £ LIk, MTHZ

AL Gl FAHBIK, A2 5PKALS Sl ER KR
2.5 MTHZ K& AT 51 & ERKHERR ¢
VF 22 GPCRI A 25 0, S 3 T 0% 22 288 I i
A3 R (mitogen-activated protein kinase, MAPK)
o i A I R ST A M A T Y R O
(extracellular regulated protein kinases, ERK); MAPK
K ) — B, A ATERKURIERKR, i 2 1k 34035 1)
ERKI/2 1 i it % A7 # 4% !N, 31 4 S Elk-1. ATF.
NF-kB. AP-1. c-fosfllc-Juns N Jiif 3 A (1) % 3¢
o, i Z 5 A B 58 5 0t MBS YE R A
U0 B B TR R O T R A i ) 8 AR A 2 R
Py o e WU MTHAZ AR5 AL 5 o2& 75t 7l 51
ERK AL H /T i 64k T FfI RFHEK293/Myc-
MTHAGFE A1 M bR AL TG MG H5 7R b L2 b, 2 J5
30 umol/L N-stunted43 || ¥ &0 min, 2 min, 5 min,
10 min, 30 min. 60 min. 120 min, 40 4R 5 AT
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Western blot £l . 45 H 3K 0, MTHAZ AR &8 P I G 10 min/c A7 I8 BIEAE, JFFrE 2 HIEE2 h(ES). it
fAN-stunted (30 pmol/L)#IJ 3 J5 7] i % 5 [JEE ERK 1) i Total ERK ) Western blot2 7~ st B ERK % 15 15 #l) ¥
Ak, HE IR A AE A2 mini 28 5 nl WL, 7E A A R

A: YEHEK293/Glosensor4f Jifg 1 4L # T Myc-MTHFIFlag-B2AR 5 ¥ i 1 17 Glosensor cAMPSE 4. 43 %) 30 pmol/L N-stunted (N). 1 pmol/L
Forskolin., 1 pmol/L Isoproterenol (ISO)JI 4N g, [H B LA1% DMSOEAEFIN I, B (E25 1o 3L # T Myc-MTHFIFlag-B2 AR 5k [FJHEK 293/
Glosensor4f g 4 ([ A)BEAT A5 5 5256, 1130 pumol/L N-stunted Il FR 411, LL1% DMSOfE 716 ; C: il ik Western bloth il €| A K& B [¥1 41
[ (WA 52 1 (Mye-MTH 5 Flag-B2AR) ¥ &3k «
A: HEK293/Glosensor cells co-transfected with Myc-MTH and Flag-B2AR plasmids were treated with 30 pmol/L N-stunted (N), 1 pmol/L Forskolin,
1 umol/L Isoproterenol (ISO) or vehicle control (1% DMSO), and cellular cAMP level was measured; B: HEK293/Glosensor cells transfected with/
without Myc-MTH and Flag-p2AR (cells same as in A) were treated with either 30 pmol/L N-stunted or vehicle control (1% DMSO), calcium response
was measured; C: Western blot analysis of Myc-MTH and Flag-B2AR expression in HEK 293/Glosensor cells.

E4 MTHEETR5SGsHEIBEL

Fig4 MTH uncoupled to Gs

HEK293/Myc-MTHE 4 40 R AE TG M5 7530 h L2 h, 2 J5 H130 pmol/L N-stunted ) % &0 min, 2 min, 5 min, 10 min, 30 min. 60 min.
120 min, 41 filic£E J5 FH Western blotifE 4T ERKRA AR A IR
HEK293/Myc-MTH cells were starved in serum-free medium for 2 h and N-stunted (30 pmol/L) was added into the medium for the indicated period.
Cells were then harvested and Western blot analysis was performed using anti-p-ERK and total ERK antibodies.
ES5 MTH ZRFE LG5I ZIERKEEER 1t
Fig.5 MTH stimulates ERK1/2 phosphorylation
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3 g

GPCRJE — KR HEE 570 124K, £ 2 Fh
CRRX A A A7 A o R A R AR A 2,
XAAFAF I SO VE 2 AR R AEAE I RE A, H gk
T 40%~45%IAR 245 P # ot LLIX B8 57 44 Ay #E AR
GPCR 12 HiLAF 5 i 5 2 3 ek JI6S P ) 1) S 5 — R A
GHT R SEIL . MR GER H ol 3 (AN 7] o] LR G
H| A5 HPUZE: Gs. Gilo. Gg/11F1G12/13,

MTH & Sl o (1) —NGPCR, 2= 5 175 FLii (1)
FFs U PR ER 40 A RS B RN
e g1 MTHAZ A4 LE S 4 py A= 2R D e 77 T A
F BT CAT B2 SCHRARGE, {H 2 FLAE 40 K~ |
(A5 = B 3 5 1 TR ATE SR AR R A2, DRI AR 5
TE40 M K~ EXIMTHSZ AR (145 5 3 S R AT 7
i

AT LARE € % IEMyc-MTHFTHEK293 41 fitd 2%
WO %, B4t e et Western blothl 4% i
SLES ISR T 2 AAMTHRE % /- HEK 293 41 it 1 % &
I H R B a7 iEtE. AT S5 48R,
MTHSZ 435 Ak J5 v] g il it 5 Ga/ 11T HFGilo sk FAH
A IDEE T 5 | 240 PR P 45 2 IR BE I BTt e SRS AT
BTS2 AE I T 2 AAMTHEE A 5 Gsth A 5 Gidf 4%
o Xl B DU B 3t — P AR I MTHIE %
W M LR e D Re LI BEE T AR B i 3RAT)
1H 1k Western blotha Il & Bl %2 AAMTHIF AL )i g #0E
ERK# 1L, 762 M4 3#%7%S min, 10 min, 30 min
J& 51k Y ERK FR AL A Ol 85 A W S JUILA BRI
5 o, MTHSZ R 5 5030 K 18120 minf5 {548 2%
L E MERKBE RIS . /e W5 0L R, UF
% 52 AR UEAR 5 51 (I ERK R BR A4, I % F5 45 1) [R) 4%
J(5~10 min). #EHT T HRIEERK I FF WG 2 51 K
FADD(death receptor adaptor) 4K i 14: ) caspase 811)
WG H B 2 PR S A0 Mo g7 7220, Pk, FRATIAS
WAEIEHF 00 R, MTHSZ S0 5 & K ) RF 224
THERK, At v BedUk S 4 R AE T A OGS i
MR A PEOCEAMMP T . HIXPPE Bk AL R
&N IS, ERKIRHF 22300 7] e 5 S0E 2240 i V% 11
P12, Fhas i R A4, RIFRE) T ki
A A RER, T 24 R AR M THSZ A& 1) 1E 515 5 %%
T BH W S EAS BEAS RF SIS ERK, i A5 S
X A M PRI SE T, PR T RS T B
S-38 75 iy R R O S A SR A0 S DR 55 T 52 1

K . HRIXLEHER T 20— T4 Rk
ESK

BEAL, AR (FIGPCR MTHAEN FL3h )+
FE T AFAEAT TR 52 VR th 1 B ATT AR (K 1)
Ao XL A B A L A ATk, AR L
)b FHR S MTHEA & B R PR AR AR, T
iz 32 R AEBEAL ot B A7 AE Sh RE_E IR <7 PE, SR
W FPRE S ARAE FLSh W) h A E R 2 AR )
IS W A TS AR A FL AT D

BEE DT HIEE— DR, ZAAMTH FHE >
6 0 52 A AR 20— WL 2 SN e, L2 g
MR AT -

S ik (References)

1 Ji TH, Grossmann M, Ji 1. G protein-coupled receptors 1. Diver-
sity of receptor-ligand interactions. J Biol Chem 1998; 273(28):
17299-302.

2 Strader CD, Fong TM, Tota MR, Underwood D, Dixon RA.
Structure and function of G protein-coupled receptors. Annu Rev
Biochem 1994; 63: 101-32.

3 Dikic I, Blaukat A. Protein tyrosine kinase-mediated pathways
in G protein-coupled receptor signaling. Cell Biochem Biophys
1999; 30(3): 369-87.

4 Ram PT, Iyengar R. G protein coupled receptor signaling through
the Src and Stat3 pathway: Role in proliferation and transforma-
tion. Oncogene 2001; 20(13): 1601-6.

5 Neer EJ. Heterotrimeric G proteins: Organizers of transmem-
brane signals. Cell 1995; 80(2): 249-57.
6 Tiri T, Farfel Z, Bourne HR. G-protein diseases furnish a model

for the turn-on switch. Nature 1998; 394(6688): 35-8.

7 Gether U, Lin S, Ghanouni P, Ballesteros JA, Weinstein H, Ko-
bilka BK. Agonists induce conformational changes in transmem-
brane domains III and VI of the beta2 adrenoceptor. EMBO J
1997; 16(22): 6737-47.

8 Burstein ES, Spalding TA, Brann MR. The second intracellular
loop of the m5 muscarinic receptor is the switch which enables
G-protein coupling. J Biol Chem 1998; 273(38): 24322-7.

9 The state of GPCR research in 2004. Nat Rev Drug Discov 2004;
3(7): 575, 577-626.

10 Lin YJ, Seroude L, Benzer S. Extended life-span and stress
resistance in the Drosophila mutant methuselah. Science 1998;
282(5390): 943-6.

11 Cvejic S, Zhu Z, Felice SJ, Berman Y, Huang XY. The endog-
enous ligand Stunted of the GPCR Methuselah extends lifespan
in Drosophila. Nat Cell Biol 2004; 6(6): 540-6.

12 Ja WW, West AP Jr, Delker SL, Bjorkman PJ, Benzer S, Rob-
erts RW. Extension of Drosophila melanogaster life span with a
GPCR peptide inhibitor. Nat Chem Biol 2007; 3(7): 415-9.



\

854 WIFUR L -

13 Wallenfang MR, Nayak R, DiNardo S. Dynamics of the male 19 Bjarnadottir TK, Gloriam DE, Hellstrand SH, Kristiansson H,
germline stem cell population during aging of Drosophila mela- Fredriksson R, Schioth HB. Comprehensive repertoire and phy-
nogaster. Aging Cell 2006; 5(4): 297-304. logenetic analysis of the G protein-coupled receptors in human

14 Petrosyan A, Hsieh IH, Saberi K. Age-dependent stability of and mouse. Genomics 2006; 88(3): 263-73.
sensorimotor functions in the life-extended Drosophila mutant 20 Foord SM, Bonner TI, Neubig RR, Rosser EM, Pin JP, Davenport
methuselah. Behav Genet 2007; 37(4): 585-94. AP, et al. International union of pharmacology. XLVI. G protein-

15 Meyer ZU, Heringdrof D, van Koppen CJ, Windorfer B, Him- coupled receptor list. Pharmacol Rev 2005; 57(2): 279-88.
mel HM, Jakobs KH. Calcium signalling by G protein-coupled 21 Millar RP, Newton CL. The year in G protein-coupled receptor
sphingolipid receptors in bovine aortic endothelial cells. Naunyn research. Mol Endocrinol 2010; 24(1): 261-74.

Schmiedebergs Arch Pharmacol 1996; 354(4): 397-403. 22 Fredriksson R, Hoglund PJ, Gloriam DE, Lagerstrom MC,

16 Tao J, Malbon CC. G-protein-coupled receptor-associated A- Schioth HB. Seven evolutionarily conserved human rhodopsin
kinase anchoring proteins AKAPS and AKAPI12: Differential G protein-coupled receptors lacking close relatives. FEBS Lett
signaling to MAPK and GPCR recycling. J Mol Signal 2008; 3: 2003; 554(3): 381-8.

19. 23 Cagnol S, Van Obberghen-Schilling E, Chambard JC. Prolonged

17 Rao VN, Reddy ES. Elk-1 proteins interact with MAP kinases. activation of ERK1,2 induces FADD-independent caspase 8 acti-
Oncogene 1994; 9(7): 1855-60. vation and cell death. Apoptosis 2006; 11(3): 337-46.

18 Roux PP, Blenis J. ERK and p38 MAPK-activated protein kinas- 24 Cagnol S, Chambard JC. ERK and cell death: Mechanisms of
es: A family of protein kinases with diverse biological functions. ERK-induced cell death--apoptosis, autophagy and senescence.
Microbiol Mol Biol Rev 2004; 68(2): 320-44. FEBS J 2010; 277(1): 2-21.

Characterization of G Protein-coupled Signal Transduction of the
Drosophila GPCR Methuselah

Zhang Jing'?, Zhang Ru', Ye Chenli'?, Xie Xin'**
("Shanghai Key Laboratory of Signaling and Disease Research, Laboratory of Receptor-based Bio-medicine, School of Life Sciences
and Technology, Tongji University, Shanghai 200092, China; *State Key Laboratory of Drug Research, the National Center for Drug
Screening, Shanghai Institute of Materia Medica, Chinese Academy of Sciences, Shanghai 201203, China)

Abstract Drosophila Methuselah (MTH) is a member of the G protein-coupled receptor (GPCR) super
family. Mutation of MTH receptor leads to extended life span and resistance to various forms of stress in fruit fly.
However, the signal transduction of MTH at cellular level has rarely been studied. Using HEK293 cell line which
stably expresses MTH, we investigated its G protein-coupling preference. Firstly, we confirmed the expression and
biological activity of MTH in HEK293 cells by using immunofluorescent staining, Western blot analysis and cal-
cium mobilization assay. N-stunted, the endogenous ligand of MTH, induced calcium mobilization in cells express-
ing MTH. The calcium signal was insensitive to PTX pretreatment, indicating MTH is probably coupling to Gqg/11
rather than Gi/o pathway. Then we discovered that activation of MTH did not induce any change in the intracellular
cAMP level in HEK293 cells, suggesting that MTH is not coulpled to Gs or Gi/o. Finally, we showed that activa-
tion of MTH could induce MAP kinase ERK1/2 phosphorylation. Our results revealed major signal transduction
pathways of MTH which might facilitate further research of this receptor and help us understanding its biological
functions.
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