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(FIBFREE Bl SHAR 2B, LT ESHS SRR E ML, L 200092)

ZE: R4 Drosophila 3 S YLk b methuselah (mth) BN RAERE)G, AR FHHRSERKLA 35%, IFH
Xt—ZRISPFEE R MYV B B EA (TR ALY B ) BT 2 s B R BFRRI nuh kD
) Mth EHJE T B Z % G E B BECZ K (G protein-coupled receptor, GPCR) , HRPEAL AR sun 2R ZRAS ) /N3
Tk Stunted, FLE A ILRER sun TR EE T 715 Mth ZARRRERETIREE K RBR Fdr. Mth ZAR BRI A
R EN SR EREMRHN GPCR, ZZ AR T BA GPCR MM 7 WSS, & BA KR JE s
M, ZHAMEMIERAEY 5 2 MRS G0 Mth ZURM A FRINRE R IRIN « 4ERpAE Y1 IR A FREEAR S AR R AR
HPET, S5RERBH A DIEURNL . R R T AR FBRAEEIRE 155 . BRTXT Mth 2 AR BFFE AL
FRLHE, HTENEKNFEN N TRIESR CPCR IS 5HFmATREEERRYL, IRINFRELKALE
ATRIBTZG IR T I RE. T, ASCFZEXTREE Mth Z KRS TIRE . FLiR R H iR (E S @ B 55 07 mi
T EES, FEXT Mth Z A7 R 5 (5 S8 B B SE AR R M B T — 2L,
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Abstract: The mutation of the gene methuselah (mth) in Drosophila chromosome 3 leads to a 35%
increase in average lifespan of adults and enhances their resistance to various forms of stress, such as
starvation, high temperature, and paraquat, a superoxide-generating drug. The gene methuselah (mth)
encodes a family B G protein-coupled receptor (GPCR) Mth and its endogenous ligand is Stunted, a
small peptide encoded by the sun gene. The sun gene knockout or overexpression of peptide antagonists of
Mth receptor also extends life span of fruit flies. Mth receptor characterized by a signature seven-trans-
membrane configuration is thought to be the first GPCR associated with the control of animal ageing. The
unique ectodomain of Mth receptor makes contact with multiple ligands. Its biological functions include
maintaining the balance of homeostasis and metabolism and participating in the regulation of lifespan,
stress response, male germline stem cell population, sensorimotor function, efc. At present, researches of
Mth receptor are still in the initial stage. Its working mechanism is of great significance to reveal how
GPCR participates in lifespan control. Moreover, it may help us develop new drugs to extend life.
Therefore, the structure, function, ligand and signal transduction pathway of the Drosophila Mth receptor
were mainly summarized in this article and the outlook for the practical research value of its signal
pathway were also reviewed.
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SR8 Drosophila 77 r %0, BHHAER, £ K
B, JF S5 HAY A aE AR EAR S KRR
BrE, RWBCh 7O BRI, FariER X I aetE
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Rapamycin) {5 Sl W REETEEREYHF
iy, XS R IR M 15 B AR 47 1 L5 A3,
T ELZE /DN B AP 35 2[RI A FY) SE 36 U 28R ( Kapahi
et al., 2004 ; Bonawiiz et al., 2007; Selman et al.,
2009; Sun et al., 2009; Fontana et al., 2010;
Kenyon, 2010) , Lin ££(1998) & T i@k N 3 5
Refafk b — 1 G HEEHEBKZ K (G protein-
coupled receptor, GPCR) methuselah ( Mth) f{3&
REEREG, RIEHTFMBBIER 35% , [F]
XS Ah A B R i 2 s B R, G EB
BB AR THRP R ZRZERE, &
BA 7 )i BRI ARRER, BN ZtsS
Bt SR, BB L R k. B
SR EFE I, RIARGYI KK EZE
A (Kroeze et al., 2003 ; Kostenis et al., 2005) , Mth
ZAERACS KA E NS FarFHEMRH GPCR,
XK T T GPCR —NHiZhaE, NEA ALY
MRS HE T —Fhdr B . XTI, 430t
Mih 324 K H 5 R0 5 A PP A R R X R AE T
37,38

1 Mth ZEEERLZH

Lin £5(1998) ScWl e R MBI E 26 3 &
¥ (intron) F3f AT —> P-element i BtJ5 & ik
P RALfE B 3 FE R R IB N F-3 75 4y, R385 T
SIS S FhE R R AT 32 1. RIREEA SR
WRFFATAESR , IBFRZ N methuselah (mth) ZH , H13C
B LR . 3 HhE (Methuselah ) J2 (2%
Z)YFFERBRKFHRAN, EEZH 965 ¥, R
WA meh DR UETTR 4. ZEERBE— G &
FBIKSZ /& methuselah (Mth) , 75K HAHEHIZ 14,
TE IR B EE X & B, Mith 32 (A 36 I DX S 2 )
%1 5HAth B % GPCR fRAH{L(Lin et al., 1998) ,

2 Mth ZEREHHIE, REHER
HARES BRI

2.1 SH9%FAE

Mth Z K8 T B Kk G EEEBZA, FHER
AT o-SURTERE fRE5H) (a-helix) , Horp N sz
FHash, C¥mfiTF N (Brody and Cravchik, 2000;
Harmar, 2001 ; Aigaki et al., 2002) , Tfij Mth 3Z2{& )
Mo a1 1) EA H Rtk St 195 &
HRRRIEU N, Hh&HF 10 MEAFIERR(Cys)

BEE, BT MRTFHEREAAS, BFER WA
ZEa 453 (Heo et al., 2008) ; MISMEEIGEE A )
o Y HRE R R FE B 2230 4540 (- 1R e P BT &)
BEMD, FER B-ITELM (West er al., 2001),
X—RIFF AT Mth ZR50A MR = 4E 07
M FERER, NIRRT TIZZEE RREEE
Y& D RERR % ( Grace et al., 2007 ; Parthier et al.,
2007) ,

B SREgE Mth ZRMISEEHIIR(F] B West et al., 2001)

Fig. 1 Structure of the Drosophila Mth receptor ectodomain
(adopted from West et al., 2001)

2.2 FEMEREALAREDTRHRE

H e & R I methuselah (mth) [F]¥5
HEKAH 15 F, RATGEFRZ N methuselah-like
(mthl) FEH, 430518 mhll, mthi2, mthi3, mehi4,
mithl5 , mthl6 , mthl7 , mthl8 , mthl9 , mthl10, mihlll,
mthl12, mthl13 , mthl14 F1 mehl15 , XE6FHE R 4515 1Y)
Mthl 2 A% H 5 Mth Z{&E A EHMRAER, #AEA
7 W o-BURTEGEH LA B AHBL N 354544 ( Paaby
and Schmidt, 2008 ; Patel et al., 2012)

FHb, mih/mihl B RTER BRI R B LIRS,
HAEARRH R A [F] R B BB X FR R B o 1
H, A —ERmaRitE, JA mh Hl mhll0 ZH
FERMEICIG . 3 B4 PR & RE P AKX,
T Lt ] 2 AT ) 32 436 4 3t 7 SR e R i o (sl
mthl5 , mthl9 , mthi13, mthi14) BL2AE 3 {4 A
W2 R G 3K (mehl3, mihld, mthl6, mthl8)
(Patel et al., 2012) , mth/mthl F K 3 35 i) 4H 24
SN TRBEFARKERERZEREEWN, M
SRR REE K R BRI R EUEAREER
WEHEATHITIRE, MEGEH KA EIIEE, 2450
AERE . 2R 2 [F] P55 R 4B 1) Mithl 52K 2544
THRERI AR A BY T EA T4 Mth Z AR R8T
Ay A BEHLH
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3 Mth ZEEME(HFFNER
) REEFwRERER

BN Z AR NIRRT TR %2R T)
REREREEMN, HN X2 KM B sh 7 S i)
WU T RE I 25 %) 70 ¥ (Ahrén, 2009; Lappano and
Maggiolini, 2011; Thathiah and Strooper, 2011;
Whalen et al., 2011) , 4k%& 3 Mth Z{& 2 C EHE
B2 G, WA GURYEH A B & GPCR FLiAZE &
BEALT N s bR L e Mih 32 {4 i 51 45 44 35 1)
455 (Cao et al., 1995; Runge et al., 2007) , X} Mth
ZARRI T RERCAA BT T REWIE . RIBHY/ DT BK
Stunted ZFHEZK AT & BLHE > Mth 3244 3 I8 18
g5l TE, Z%h% Stunted FIFER sun KA RAEW
S P R SRR 1) 1 14 75 i A iR SRR %o T IO )
Z M (Cvejic et al., 2004) , ZJ5, BHHFA R GED
IR B T 7 SR Wi FP Mth 321K K835 SP
(R W8 M BK Drosophila sex peptide ) I SPAM
(serendipitous peptide activator of Mth) (Ja et al.,
2009) . flfilE A N ERAMR LR TERE T
Stunted 71 SPAM f¥jf/NIBEFF 5 R SCEE PRI L, JF
283 Hoxd & B Mith ik B3h ) Z 18] 1 7 51 Rl I 1
AR, XHR Mth ZAKAT IR ZFACIALE & BR
Tz Ve R A R

Roberts £ (2007 ) #R 4% meh 5K T 97 2 SR 48
W77 de BT —HRIE , #EM A0SR Mth Z{KM 15
SRR RG], SREE Drosophila 1) 77 i i ]
RESIFRIAHPL LR o AT 8 el e 3k15 T B
455 7E Mth Z 4k N 3ifush KB IRSE, TR —&
FIBIF5T R WY LE RS REAE PR AL Mth 320K Hh X S0
5 PR X S [ A Rk v, AT DR RA 13X 2603 7 kB
AIGTER Mth ZIKFSHSTEHMIIR LR
FRgE R B XA Mth 32 (4550570 2 35 1) Ik SE
IR F e BT, X AR B X SRR S 7R
SRR RTREINH T Mth Z KI5 55 @B

4 Mth 2K EHMAEIEINEE

ORI, mih FERH K A 5278 S REARR 08 1 A=
FEAY, TAE I R ARAE — e R BE B B T A=
FEAr I ZEK: (Sohal et al., 2002; Mockett and Sohal,
2006) ; 2 muh B[R 58 2R, RIEK Ha A
UAREIER , a5 ERBIERBEEAS, XN
T Mth ZRFFEE A RERAEFRBIEF AKX

BT ) (Song et al., 2002; Lee et al., 2007;
Bjedov et al., 2010) , FHiAH XEHIE, Mth Z{K7E
B SR M B 2 55 1R MR 2R T 40 M 5 AR
Mz sh R HE ( Wallenfang et al., 2006; Petrosyan et
al., 2007) ; Mth {438 BLA 158 SRR M 22 5 fil %35
BRI TRE, # mth B K AERAE, W RHORE
ML MR A EARAE /D, RN BRI, A
&I 50% Fe4i (Song et al., 2002) , FEE
TRNRBIAWITRA, Mth 3204 5 H Ath 4= F T BBt
21218 K,

5 Mth ZEMNESHIER

AEXS T Mth 52 (A7E SRR 9 A 3R RE M BF R AR
B, HAEAMKF ERE ST RANEAIRE,
FAIFIE GPCR HshIEE G, SHEEK G &
Ho TES B, v WEME, HLK G HEE AR
TAHSCALN 25 (cAMP, PLC, Ca’* i@if, K" i#iH),
WP RS SR 2RIy, DT AT I 45 &% T A 3
HhEE(liri et al., 1998 ; Pierce et al., 2002) , RE o
WHRKAFTRT LK G EHT R4 2E: G, Gy, G,y
MGuus, ENAESBMENES % TEK
(Gether et al., 1997) , H Gq F5 %S EE T
B =WERR (1P, ) F1 Wt H v (DAG) 44 B “ XUf5 f
ARG F5EBE R, BAESRE: MIMES
5 GPCR &7k G, EH, G, EETHLHEIEES
C(PLC), PLC {iBiRBELEE4, 5-—BEER (PIP,) /K
fife i 1P, 1 DAG BIANE8 {55 1P, 3 ik 4 o ik
FRY S AN R R TP, BZARSE G, W Ca’”
I, RN RM P Ca® BB, _ET
Jfid% Ca®* WVREE, DAG I Ca®* FB4TE & 1 k5 C
(PKC) , AT 5 2 A i A= 22 7% ¥ (Marinissen and
Gutkind, 2001 ; Kostenis et al., 2005) , H HjX} Mth
55 @ B0 & B, Mth 52 (&4 H 4 U8 14 I 14
Stunted {E1LJG &5 A2 ML Ca®* 1 b F} ( Parthier
et al., 2007; Ja et al., 2007) , HiZF MW AGEHE H
ZAER (PTX) BUALEMH], X HE S T & L) Mth 7]
A5 G, M3k G, HEAMMEE; #—LHRER
B, Mth SZ{R80E I A 68 5B 2 028 40 i () cAMP
K-, R Mth R G, #1 G, MHEEK, X LR
7N, Mth RATBER G, EE IR Z K, @il Gq #%
EBATREEIIRE, TS5 HAb G & B ook
(5k##5E, 2011),

Z T Mth 2R R 6y i) BIARME 5 5H% 98E
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B%, BT ICSCERIRE . 1 GPCR {5 5%% 538 I 78
ARl A ) Z 1] 2 A AR 5F 1Y ( Pierce et al., 2002;
Fontana et al., 2010) , ZEEER: . i, BB LI M
Y e RN FMREGESETER, FEY
K Insulin/IGF-1 (iR & R/ B RHEERKE 7).
TOR ( target of Rapamycin) . JNK il AMPK %%{5 518
% ( Wang et al., 2005; Giannakou and Partridge,
2007 ; Greer et al., 2007 ; Zid et al., 2009 ; Fontana et
al., 2010; Kenyon, 2010) , Mth 3Z{& 2 715 B ixX s
EHMBESEE, WAL IRES K ERE, |E
BEATHATRAMBIT, XN TRITANREY =L
PLHH AR AIHF B

6 NESRE

SR Mth 2 — 5 A Y 2 NS B AH S Y
B j%& GPCR, ‘& 1] fEif 1 Stunted-Methuselah £ 43k
TS ZAEEKE G & B XH T IEE 58 M L4
FeA RN SRR S R4, S50
SREBRFFA . DOBUSORE L A R T 40 R
HzZhREST, MTITERLXS 25 L U B Y 73 TR 55
P PEE ZREEMNA MG, Mih ZA&W0E HAET
BRI ME—— 53 Far R HHC ) GPCR, %
ZARK AR LA S BAR A BT BRI IR ik, H
TEHERIA T 7 & meh R 2278 JE K SR 08 5 A 1
{55 E B EREA T TRATHE LU, HEERK
#x Bombyx mori i [RIAE KB T Mth Z{kJ 10 ZFh
Mthl Z{& (Fan et al., 2010) , BETHMBRETERER
TR KL SR E R TR, X —
THRERIIT & A A BRI Ind 22 A 7 . BAR
meh B R FAE TR BERA S, HEHHFw K
Mith SZAK B EC iS5 & AL B AT B T3RATT3E 47
INHHAL B K& GPCR R ; Mth 3Z (K #4544 )
BB 15 5 E BT TRR ARA B R E Y= e
HIREEREE, WRRRNTIT KRR N K Fam iR
R AR KR 25344 T AT B
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