— 16 — LIRS 2015 4R 43 55 5 1)
oAl BCRAEF BRAMKR2 AZEMRARHERII]. TR F 2 ,2015,43(5) :16 -20.

doi:10. 15889/j. issn. 1002 —1302.2015.05. 005

PR PR 2 B2 A ST 5t

R AR

%, REARY, IR

(1. R R ™ 5 A A Be. b il 201306
2. HRIEK T RLEA T BE IR AR Ul AFFE H O Al B35 K e Ml A0 5 98 M) JH B S B 2, VR 0 214081)

BERRBHRZRE P G EHAMKZR, EAE T ik - R — B R 5 i 42 1) 1 300 25 Hh 473 18
L@, MC2R ARGy 1 RS IREEM R, HA 7 D ESIEAY o SR, FEAR N RO (2 ¥ b IR B2 B 3 (ACTH) Je: ME— REL
{f MC2R N IEPER I, 5 BE RIS, MC2R X4 B 2 1 (MRAP) HAT K it , LA MRAP 7 AE 95 DL T, A RESE
B MC2R (i IRERIE , AR A5 K T REFNE AL T J 7 R B WE S . ABES0E MC2R I HLC fA (ACTH) i B 2
(MRAP) DL Rk — 32 (75 0 2 B05 T RIS EA T T TRTEEMEA , Syt ll A= 7 v B ST 42 B P IR0

KRR SRR B RER 2R - 2(MC2R) s fie B B IR Bz B R (ACTH) s i BY 82 (MRAP) 5 i i 22

RESES: 942 TEIRE: A

MR Rz & 2 A% K (melanocortin — 2 receptor, MC2R)
J&F G EA MBI — WK, BB 7T B o 13
€, B 1 A2 IREEAY I, B4 3 AN IR 3 A ISR L R J
PR SRR i AR LA S, e P A R e X 2 0 G 4
AR e i o I X 26 R R 2 A R
BT MC2R IR SER T LXK B, 56— Y 35 55 I
R 28 TS IR X 58 = I I X A R L I R IX R 0 L o 1Y
{RSFPE, X —RSFHETE T MC2R (BFSE Bl 22 53
2R N VAN O] 73) A

F, Schwyzer S50 5 NS AE 9 il 2L 3l ) PR 3% A2
F 2 RIS AR e HOFC AR 4 B b IR Rz 3% & (adrenocorticotropic
hormone , ACTH ) {45 5 Ih BEEAT T K EMFE o JE oMk
S AR L S MC2R AR SCRF T, Je 5 76 15 267 U 2
KB (IBICAT R MBI ) " B 2 L R R
0 R LT MC2R 3L, ERBRTE Ry MC2R JEIR7E
AT TR RF TSR T R & A BT e bR L R i 4
TEFRHT, MC2R 75 2 3 Rr M 5 100 22 20 AL X B A 11 v B B
[ B MC2R ¥l ACTH 75 , 22 25 21 g 41 3% 2 ( melanocyte —
stimulating hormone , MSH ) 2% 7l 14 J& ¢ J57 28 32 AU 3l 77 AN R IAL
7% MC2R]™'*"1" s MC2R FEHLIKRLL S b i1 534 55 S e A 77
FERMIPE ", IR IR ST B R R 2 B R & A
(melanocortin —2 receptor accessory protein, MRAP) £ 7£ #K #fi
PR MC2R HATHE MRAP 772 I 74 B 52 3 b 4 S5 1]
20 L B 3R T PR, T B A SR RE R IR IR T 2 1 R B R
B ( melanocortin — 2 receptor accessory protein, MRAP1 ) f
ST

ks H 3 .2014 —12 - 09

R TH UM M AR R A B LTI (45 : CARS -46 - 10) 5
VLR 7K™ =5 LR (45 : D2013 -5)

PEF TR B BL(1990—) , 55, WU LR, A5 - B 9 A, B 92 0 1)
HIKFEBME SR 55 BiE . E — mail : kaiaitg2009@ 163. com,,

SEEEE M 3B, . E - mail;xiej@ ffrc. cn,,

X E4S 1002 —1302(2015)05 - 0016 — 05

I - R B E R LS o R R A R
T 2 ¥ T B, S TE R SR 5 R R e
b BR B R RO R 1 R AR e i SRR ET R L
BREz LS R A A R m TIF Bk 25 bR K &R
(ACTH) ,ACTH fEHIF 15 IR, I 5 MC2R 454 3 st 405
S G R RS . H T, AR LS A S BT b
JIESE, MC2R 8 ACTH 38005 J5 5 & 19 cAMP 52 % 2 J 12 14
B AT S 5 T R R f v R TR0 B B R
TE3K W B ISP 2 . TS i T ik - 8
K - E AR R R Rt 2 bl R F AR L ) 4
UL S S IR A R S T MC2R SR AT T
A B ARG S A 3 3 TR A A B S 245 ) T B f o T
MC2R HIFFAE , S e PR AR 06 ) 7 il 52 K R g ] ACTH
H9EF, AT B — TR - 5 LB/ B ) 4 2L e £ 28 P i AT
TFEFRAL TR 3, 40 25 v i I IO S I R HR L T IS S5 A
SRl

AL T IEAE AT MC2R AHSERE A 4 B & (3 L %
SR TT T R RIF T HE R , g SR AE 7 o £ 57 384 197 4 2 4t 1
A

1 MC2R WEE

SR TR oo e 7/ RRINI=TE R (Y Sl 7/ N 3F 5
Wy A B 2R R Y R, 56 T MC2R (RS8R R
HCAE T R B T AT & — M, B MC2R Rl MSH 27
f¥) MCRS F{AE , (L BEWE ACTH 0% . Schwyzer Z57E MCRS
RSO 55 14 i BIF 55 of 2% B, BE SIS MCRS i e A 35 & A
HOFRW? 2547 RABCT— B oAy, MSH 2780 B i 1R B R
REMHE MC2R (A7 7E 5 MC2R 25 4 (1 AE J1, B MSH 25 74 (i
BLATTRE 5 ACTH 2 I/ 7E & Se Ml 6 R o BEB DTIETR
A, 45 HEAIE 52, MSH 26 % it 4 f 88 [7] ACTH A 7] B #Y
HF'R*W® 4544, (E 8K R AE5 MC2R 254, ik 36 vt 3iF 52
MSH 28 BIBE A 77 7 A RES I ACTH [] MC2R 2547 .

RWIBTFL Y MC2R B &2 A2 A9 ACTH, BRI dy 39 4>



TLIRAO 2

2015 4F55 43 5 5

IR, BT LA EAE ACTH( L -39) , RHARFSE b, 3 3 %)
REERR T B LT LT ACTH( 1 -39) i A A Bt (45 V)
R/ IR 55 07 20) DL B B R R AR R BF 58 R B, 45
ACTH(1 -39) 7£ N [y MCRS Bt k3 H A HFR*W® 4
720 Bk, T MC2R 2 B HE 76 SO AR SE 61 7 T A 5
53 Ath MCRS 9% —1% , U BH JLAE 2548 b A3 AR R A RERR 1 5
IR, Schwyzer &4 & 3, 4254 ACTH(1 -24) [ A A
TRiE ) ACTH(1 -39) 25y, B4 W ACTH(1 -39) 5¢
SHFEAEYEE] R R R K" 58 L9 BR ik, ACTH(1 -
39) 2Ll ACTH(1 - 16) IR H A AH G AE P36 M T 2k S5 %
A ACTH(11 -24) % ACTH(1 -39) i+54i/EA,
R 7R Bk v B R OB S M M AR AR, B4, ACTH 1
KPK°R7R"™ 258 L&', 2004 4 Costa Z51E— 445 H
hACTH(1 -24) iy PSR IE S 5 351X — 450 551 A 2L A,
TR S5 BR B KPKRTRE PP 45447

VIS A TFSEE— 45 Bk, MC2R B 4K 5 Hiflh MCRS 4 4H
[F4s 4 HOF RYW? S5 07 25, (B HAE B RIRE T B
T, L ACTH 52 M4 & 1 BRI A — 58, T2
LSRR R T . 6 MC2R w5 ACTH 4545 AR B B4
B A KK R R PP 45 A 07 s B B 6 AN, E W KB
ghiAm, KEK R R PP 4549 15 565 MC2R b B 56 17 457 553 A
ShE4 AR MC2R BYZS [BIF 4, B0 HOF RP W 4544 1 ot
R AR TR ARG HOF RYW 50915 LS MC2R I {37 o5 4
B RS R T UK E ' . Schwyzer #f ACTH(1 -24)
Hy KU KRR 454 5 U0 5E (i 85 H 471, 2 B e 8 1k 1Y
2545 ACTH 321K I HHA B R B &8sz i mre 7.
i HOF'REW? 254 a2 R {5 B 7 41, 24 0L 5 ACTH %%
WREE G0t AH BT R 2 R B R ED B . PR, MC2R (1934
TS HOF R WY A1 KU KRR 45 2 Rl R A7 78 s th T
a-MSH HE#& HFR'W 454, Bl KEKRYR" 254, (i
% o — MSH A HEA 80 ACTH K167, KT A BE5 S 5
A B R R

TEXUE SRR, — B KR KRR P” 8543 5 Bl AR
RS i S8 HOF RO W G4 A i i 2255, 5%
B KK RTRE PP AN SR S A 2R, o -
MSH RE#L7E MC2R, A o - MSH [A#: B A HFRPW’ 44
#7. Ti fE Navoloskaya % [ #F 58 o & B, X WU ¥
ACTH(11 -24) DIEE A A 44 Z Hi{k - la(pro -
interleukin — 1a) HARRELE & 24 L) KP KR R®P” {3 f5;
{EH AR RE T4 o — MSH AYHEA, TR IE & X — 548 A
WA N, FERAE PR B P T ACTH (15 -24)
BEAAIE KUK R R P 454y 15 45 & (0 0 1E 7 45 &, SOl
Xt HOF'R'W 854005 1 T4, 5646 hMC2R/mMRAP
HYe CHO 4iffe L hACTH Fl 3 VE A BH X IR, (E A G o -
MSH 5 ACTH(15 -24) o #% 2414 ACTH(4 - 10) #l ACTH
(15 =24) JLFHNEAE R 4 o 25 SR 3, A% BB 4 37 1A bk
el R R B RS . X B8 KPKRTR®P?
SERAN HOF RYW 4544 27 ) 7] RE B A7 AE — S0 Gl ) S L R 3
O BRI BoR, IR R B e GUK PR VR Gl g
Fe R AT A — AN, RN A2 MC2R A4 38005 38 A T4 , 1 %o
VU2 CAT S A DG 5% [ i TN AR B e 2 5 RN [ 72

FBERISEIR o Horb 3 Rl U R ICAT S MC2R 4544 40 AL,
R It FR B AS [R) 52 i 2 B ACTH. [ RS 40 = 20 25 Wy A5 Ak v B
. ARLLlA]t B4 KEKRVR PP LA & H'F RPW? 4544
M A e g TR REBRARBERY ACTH (1 —21) L& ACTH(1 -
22) KA BT LA BE 0 2 A& th GK! P VR G gk i
PAAG RS AN D e 2 2k T e ' . B MC2R 955 H
A 53R 3 A EERI IR

AR, A 56 MC2R BF 5% P 0T o5 AR LA 3 4~ X 38
AT 5 T R 9T, 6 R I D S R B 48 1)y Xkt B — Bl 2
JUASEIERR Y B AT 007 L X I
PAKEST S HOF R' W 4501 SEATBREmE R B, 3 4 b
TE W 5% R0l T e IR R 4 I 49 22 B 11 A 0 P ) 5 A
X TS MC2R i 55, TR IR 4 =2 I ¥ A 1 e S 38 %
HG R F R R®, 3 R /N i 1O o &4 T 304 G 4G
0 HOFRW 285 9 B0 SR 0 e as , N R e 7 RS W
LB S 2R & FENC T sh v B S B A ik
2B H A e 2 (RS . =T KK RTR®PY g5ty
PP 0 TR A e I, N 28 MC2R AR 45 T I AT 25 e A7 2 1Y
MC2R A @& 32 68 1" . ik EFR ok, AR Hik
B 5 BRI T ACTH 2R BL 9 fBF 58 45 AR — 50, 25 5 S 4%
TR IR AR ACTH SR 45 Mk R, B HOF RPW® 54 5
KPK"R"R" P G442 i P05 32 bt 461

1E ACTH N R B i 560 i R BLH R 1Y, 55 % sh i 1A
BAFAE & T RARS S T2, WAL R, 3 T R
SR AL A b AR W A B LR S T DR T AR e A
AR A T 78 L L B A LA % S B RS
WP B, ACTH 7832 M5 Ay 77 T B b MSH ZS A (1 it AR 5
FLRHSS L S, 7225 38 7 T ST o ACTH (1% 68
LW S8 5 T MSH BB B BC A, by IHG i 0 32 AR ) K 9K 84 3 41
AT , ACTH %5 MSH 25 Bt AT J5 46

2 MC2REHEH

TE MC2R (958 H & 0 H 4 75 5 Hofth MCRS M Eb, A7 78
A S F R B, MC2R 5 PR LT HURE7E b e J5 ) 240 f v
AREST LI FE 15, W INS — 1 8 — cells!™™ | £ A\ KA %
MC2R (8 BF 5% v, % 1 L I J0E A B B bR 3 R 2 40 (Horp
MC2R X fE7E B R P Se I RE 38 ) H A9 cDNA BE4F RT -
PCR484E, 45 R LB T 1 AMUE S EIR A SRR 3E R, iR 2401
924 MC2R % B2 (1 (MRAP) ™ 76 K56 T MC2R #47
B 5 H 6 BUBH 5L ( Chinese hamster ovary, CHO ) 411 i &
XHHEMFL8h Y MC2R #EATAF 5T, S A [ #7522 MRAPL [ 77
16, A BESE B MC2R B S RE 60 4K K - )y 4 6
g

0 H AT AF 52 45 3L 0] 1, MRAP £7 /£ MRAPI ( MRAPa A1l
MRAPgB) Hl MRAP2 ( MRAP2a #1 MRAP2b)2 /~2E FIP8 -0
MRAP Jy BBl IS , A 1 AR 85 5 X3k, 76 P B ) 7, MRAP
FAR DL RVR —RAIRAFIE . TR — AR B fkH 2 AN Z KL
FEPEAT R I g4 . N H,2 4> MRAPL — 5 {k
Al 14> MC2R BT | N2 BW), e LK RS 7 3k 5
EPTE AT B 0 I 0 MRAP 78 P R 9 2
5B MC2R IER T, N2> MRAP (J774E , MC2R A B



— 18 — TR

2015 4E45 43 B4 5 1

HEATAT B, WL R4 A PN S5 I v 524 P 5 T ) s 42 L
TR . B AR MRAPL 5 MRAP2 784 By MC2R [f) 41 i &
TR IR RE RSN (Y, (R, AT MC2R ] MRAPL AH 5 4%
B2 G S A RETE AR b ) ACTH %Ak o i

Simon % B 5% ¥ & P, X4 MRAP2 17 7 it , MRAPa FI
MRAPB f3 ik B 2 B 1 117 24 MRAP« 5 MRAPB 7776 I,
MRAP2 {3k it 253" . ¥ MRAP« Fil MRAPB #EAT 24
YEME LR, 85 R B R, MRAPa 2 7E i) MC2R 19 & & W1 Xt
ACTH HA7 9 & BORRE , 11X — 45 R U5 T MARP BOBRSHR 454,
IR A RAESE, 4 LARR S DT B 22 J5 9 MRAP 26447 5 MC2R
AT IERIA B, MC2R & & P4 ACTH (1) 5% F1 ) B 3 R A%
It i 7~ MRAP figy 2544 5 MC2R &A% ACTH (#5651 )
WA

L MRAPI J£RHEAT R GE BRI Br , 45 S 1, DU A2 e 47
5 B 2R i) MRAPT 35 R 7E #E 4k B 5 90 R [
U Travis Z7E HBFSE PIESE T ix — 4, i 5 i
e WIRTEI MC2R S D973 51 5 B B 5 #4119 MRAPI JEN It
AT CHO 4o, FELL AR ACTH BEATH0T , 45 5 1R, B
MRAPI SEFRAFTERY 1 20 25 W 2 5 R 3 55 T 78 cAMP )i
AR I, BE S MRAPL f7E7E I, i 8% MC2R X ACTH fy
S5 W 3 T B MRAPL F77ERT R B, 45 R 7R, MC2R 15
HESE B B 2 P9 N AT DRI AL

SEUROLl I ERIL7 RN RN I S LY [ Ok o LA ey ol
PR ) 1O A 2 DR R A Sl B (TR AR ) P R
YR MRAP 35 5 51 HEAT HOB AT , 4 SR 5 0 #: 2l
Yy (gL aEag ) Y BRI & B MRAP2 77 4E T MRAPI Gt
D et MRAP2 B MRAP Z35 B R % W8 465 SR 1A I
7~ ,MRAP TR £ 2% Wi 2 LA R RA T2 sh iy v B2k 5 T
LA S FL P RN AEAE MRAP Hpy 2 A2

3 MC2R

W58 X MC2R (¥ 45 44 3647 T A0 N A BF 55, 461 4,
Pogozheva 251 I 71 S8 ML 0L, &5 & o5 28 748 1) T 6k N 2%
MCAR () HF'R*W 5425 &0 b A mF e o S T B4
HOHFR*W® 45445 47 /5 By TM2 , TM3 . TM6 F1 TM7 11§
FRIEAE B, , 3K BEFRILAE 2 AR IR B — 2K 1148, 2 8 T4l
JaAMY s B b, S5 EIR, G B MR SZ IR 1 5 I X 4
LASFRRFG RS, FEaX — A B e 4 A5 I DX I AH B 2 ) SE AR AR
o EANZE MC2R WA KX BFFE [ AR A5 8 T 25 LY
HOF'RYW? 544 25 4 07 5, A G s L IR A% 3k (E™ D' (F™

H™ ) 43 il F TM2  TM3 il TM6 ., Chen 2 3% FJ % — P4 42
RAFITHEXT B ' M S G R AR S AT B e, 25 R
A —A B — N E IR e 2 5 19 MC2R 248 1R % hACTH Al
MR RE ) BE TR . 3 H & A TMT i F258 Z LR
FRILH F SR ZAE , [RIRE B kL 52 (AR 0 24 R T e R BIUAE
FELER R hMC2R v HOF ROW? 254 45 45 (37 o5 1 A4 ol 3 5t
fiF TM2, TM3 ., TM6 1 TM7 F, Boh, 1 A4Sk 41 A K
MC2R ffy EC2 Hhr iy H' 5% KL 1 H SR 5484 hACTH J138 0 24 Rk
SRR B E N EC2 LI TMS X I 4T 5 R R R ik
Wit R, EC2 L% TMS [X I % 15 58 A5 i ,hACTH (1 - 24)
BEMOE 2K, T EC2 HI TMS FHX I s i HOF RP WY 4544
H25 2 R, Bt SRR EC2 DL TMS 2245 T KU KRR P”
LERZS A LA IR . MC2R BUASH WL 1
E81 D104

— D107
EC1
w F168

" H170

3 tc1 i iicz ¢
H139 e

F258 F136
EC3 “~ F178
| | 13

o
Ky

***c00-
W TAHUREE 7T AN A o 125E, Hodh B HUr R
PSRN T HFRW Z5M45 S 004, o)y BB e s A
XA K T KKRRP 2545 G005 . 7Sk ki v e— 2t
PR SERERSL, Hod BB BRI R IERRIR IR NN AR
Bt rh R B, LUK GBS 2 SE R AR SE N AE A 4R
SARAR R B . B R SRR SCER[26]
E1 MC2R #&%!

Kovalitskaia 2532 1 T MC2R 5 MRAP gy g 2
Ji7s ,MRAP — {1 1 4~ MRAP 437 [r] MC2R [)25 = 28
PUBSREIX 254 , WX ER {557 F I e 1784, [RIBT,
3 14~ MRAP 23 F 545100 56 5 8 IX L [F]#4 i T KKRR 2%
IS A0S . 24 ACTH 5§ 54455 3| KKRR 4544 45 4 7
S PR DY 2B B B IX W55 7S SR LIS IR A5 5 R
B BRI N HFRW S5 B 45 S0 5, & 0s FiE 5.

4 MC2R SR S BiAE

R 1 P B S PR — i [ 2H 00 0 ) ) 26 [
2, JLAEYA T RN P4 U T A (0, (P E NN 2
i eh O REACZ T I - SRR - B AL S

PEHIX (helical transmembrane, TM) LUK @RI ZoR, EIVEAPIMIIREX LLFIREIZ R, MRAPLIRIEZUR . B R IEF SCiHk[45]
B2 #& KKRR &#81/5H MC2R 5 MRAP £ &44#%5!



TLIRAO 2

2015 4F55 43 5 5

J7 B A U ACTH 506 T 5 (B 10 i MC2R 2 {445
BTG A BB ) i e £ S A R A A O
WEFE R R, St I S0 3 R o v 3 3 2 v BT i
i ACTH( B 1 h J5) it 2 B 7H , T MC2R mRNA [
Feik Rl F RS 1 E A AR SCBIF ST P A L 4
B ERT MC2R S AR WFFE Fp & B, MC2R FE 1M %%
AR B MC2R J& 3 , S BHIBTN ACTH HJ35 1) W 285 B, AT
BELAS R R B o 7 0 ) R S 3 v L 3 0 35
JREEVR BE T W, 24 1L ACTH HEAT b B , JUL3HE G T 100375 K e
Ve R L T M ACTH X Rz B4 B g S, T 7
— et G FIAE IR e T e MC2R A Bt T
JRIEA IS 5 40, LA HLAR B — 25 6 TR s 2 4 25 14
S [ L2 FSE A B0 R B ACTH X Je S A i 10 8 3 2
R, A cAMP BEAT AL BRI, WLEEE 1 R P TH i o ik
B LI MC2R K HLMe e 0255 7 o 5 b i T AR

5 &ig

MC2R Z fir A 51T Hofth MCRS, BRI AE 2 A7
— R AR T M, AT AP S AR
HIRIFSE 25 AR 7R ) MC2R H BB ACTH UG , X — B4R
[ B 15 25 F 4 ACTH K" K R” R"® PY H'F'R*W’ |
GK"P2VEG™ 43 Ay XA ; T MC2R %)
FHEBIEE I MRAP (O PE T30, MC2R A PN J5iT (9 ) 240 ff st 52
T YL RS 7 25 MRAP (141, F BUL-F-Fr 7 MC2R ZIRERIEIY
SEIAR BN MRAPL fAFE7E, B MC2R 93X 2 MR sl &,
HOER TN A, MCRS {0 H BT E RS U0 UK G
W E MC2R ZhREZER BFEIR R B T/ tH #126 MC2R
FHICIISE , A e iR T ilt—25 g 125 MC2R AHSCHERTTSR o

AEAFIHLRE R DR FE H, MC2R L5 Pl A A 2 B T B 5 A
AR e, I H S 5T B - A - B RIS g,
KEMFITA R BN, MC2R B A 56 it 74 7 £ 288 10 30 1T 55
BEAHDG . AHUR, X 1 R AR rp S R 2R A R Y AR AL R A 5 i
K B R RAR , SR U T | 32 A B Uk 1 A8 b ik
AfrlE—2E R, AT, AR7EMSCH AR 1 S M4 s ik
FELEZERE A OCTIF 98 T B 0 25 vh i i R o AR e IR . RO
X0 R AR S EZN ) MC2R (TSR BT T g ta e
JF T B T R T A A AL, T XS A Al A ft e
Rt AR L,

S 3Lk

[1]Horn F,Bettler E, Oliveira L, et al. GPCRDB information system for
G protein — coupled receptors[ J]. Nucleic Acids Research,2003,31
(1):294 -297.

[2]Barlock T K,Gehr D T,Dores R M. Analysis of the pharmacological
properties of chicken melanocortin — 2 receptor ( ¢cMC2R ) and
chicken melanocortin — 2 accessory protein 1 ( ¢cMRAP1) [ J].
General and Comparative Endocrinology ,2014,205:260 —267.

[3]Dores R M. ACTH,the MSHs and the melanocortin receptors ; revisi-
ting the work of Robert Schwyzer—a 30 year retrospective [ J].
Annals of the New York Academy of Sciences,2009,1163:93 —100.

[4]Baron A, Veo K, Angleson J, et al. Modeling the evolution of the
MC2R and MC5R genes: studies on the cartilaginous fish , Heterondo-

tus francisci[ J]. General and Comparative Endocrinology,2009,161
(1):13 -19.

[5]Klovins J, Haitina T, Fridmanis D, et al. The melanocortin system in
fugu : determination of POMC/AGRP/MCR gene repertoire and synte-
ny,as well as pharmacology and anatomical distribution of the MCRs
[J]. Molecular Biology and Evolution,2004,21(3) ;563 —579.

[6]Pogozheva I D, Chai B X, Lomize A L,et al. Interactions of human
melanocortin 4 receptor with nonpeptide and peptide agonists [ J ].
Biochemistry,2005,44 (34) :11329 - 11341.

[7]1Schwyzer R A. A short introductory review[ J].
York Academy of Sciences,1977,297 .3 —26.

[81Li C H, Geschwind I I, Cole R D, et al. Aminoacid sequence of
alpha — corticotrophin[ J]. Nature,1955,176.687 - 689.

[9]Ling M K, Hotta E,Kilianova Z, et al. The melanocortin receptor sub-

Annals of the New

types in chicken have high preference to ACTH - derived peptides
[J]. British Journal of Pharmacology,2004,143(5) :626 —637.

[10]Davis P, Franquemont S, Liang L, et al. Evolution of the
melanocortin —2 receptor in tetrapods: studies on Xenopus tropicalis
MC2R and Anolis carolinensis MC2R[J]. General and Comparative
Endocrinology,2013 ,188 .75 - 84.

[11]Aluru N, Vijayan M M. Molecular characterization, tissue — specific
expression ,and regulation of melanocortin 2 receptor in rainbow trout
[J]. Endocrinology,2008,149(9) :4577 —4588.

[12] Agulleiro M J,Roy S,Sanchez E et al. Role of melanocortin recep-
tor accessory proteins in the function of zebrafish melanocortin recep-
tor type 2 [ J]. Molecular and Cellular Endocrinology, 2010, 320
(1/2) :145 - 152.

[13] Reinick C L, Liang L, Angleson J K, et al. Identification of an
MRAP - independent melanocortin — 2 receptor: functional expres-
sion of the cartilaginous fish, Callorhinchus milii, melanocortin — 2
receptor in CHO cells [ J ]. Endocrinology, 2012, 153 (10 )
4757 - 4765.

[14]Logan D W, Bryson — Richardson R J,Pagan K E et al. The struc-
ture and evolution of the melanocortin and MCH receptors in fish and
mammals[ J]. Genomics,2003,81(2) ;184 —191.

[15]Dores R M. Observations on the evolution of the melanocortin recep-
tor gene family; distinctive features of the melanocortin —2 receptor

[J]. Frontiers in Neuroscience,2013,7(7) :28.

[16 ] Cerda — Reverter J M, Agulleiro M J,Ra ul R G,et al. Fish melano-
cortin system [ J]. European Journal of Pharmacology, 2011, 660
(1) :53 -60.

[17] Veo K, Reinick C, Liang L, et al. Observations on the ligand
selectivity of the melanocortin 2 receptor[ J]. General and Compara-
tive Endocrinology,2011,172(1) ;3 -9.

[ 18 JHinkle P M,Sebag J A. Structure and function of the melanocortin 2
receptor accessory protein ( MRAP) [ J]. Molecular and Cellular
Endocrinology,2009,300(1/2) :25 - 31.

[19] Webb T R, Clark A J. Minireview: the melanocortin 2 receptor
accessory proteins [ J ]. Molecular Endocrinology, 2010, 24 (3 ) :
475 - 484.

[20] Cooray S N, Clark A J. Melanocortin receptors and their accessory
proteins[ J]. Molecular and Cellular Endocrinology,2011,331(2) .
215 -221.

[21]Valsalan R,Krishnan A,Almén M S et al. Early vertebrate origin of
melanocortin 2 receptor accessory proteins ( MRAPs) [ J]. General
and Comparative Endocrinology,2013,188:123 —132.

[22] Chida D, Nakagawa S, Nagai S, et al. Melanocortin 2 receptor is



— 20 — TR

2015 4F55 43 5 5

required for adrenal gland development, steroidogenesis, and neonatal
gluconeogenesis [ J ]. Proceedings of the National Academy of
Sciences of the United States of America,2007,104(46) :18205 -
18210.

[23] Wendelaar B S E. The stress response in fish[ J].
Reviews,1997,77:591 - 625.

[24]Alsop D, Vijayan M M. Molecular programming of the corticosteroid

Physiological

stress axis during zebrafish development[ J]. Comp Biochem Physiol
a Mol Integr Physiol ,2009,153(1) .49 —54.

[25]Kobayashi Y, Chiba H, Yamanome T, et al. Melanocortin receptor
subtypes in interrenal cells and corticotropic activity of o — melano-
cyte — stimulating hormones in barfin flounder, Verasper moseri[ J].
General and Comparative Endocrinology,2011,170(3) ;558 —568.

[26 ] Dores R M, Liang L. Analyzing the activation of the melanocortin —2
receptor of tetrapods[ J]. General and Comparative Endocrinology,
2014,203.3 -9.

[27 ] Liang L, Schmid K, Sandhu N, et al. Structure/function studies on
the activation of the rainbow trout melanocortin — 2 receptor [ J ].
General and Comparative Endocrinology,2015,210,145 - 151.

[28 ] Haitina T, Takahashi A, Holmén L, et al. Further evidence for
ancient role of ACTH peptides at melanocortin( MC) receptors ; phar-
macology of dogfish and lamprey peptides at dogfish MC receptors
[J]. British Journal of Pharmacology,2007,28(4) ;798 —805.

[29]Chen M, Aprahamian C J,Kesterson R A, et al. Molecular identifica-
tion of the human melanocortin — 2 receptor responsible for ligand
binding and signaling[ J]. Biochemistry,2007,46 (40) ;11389 —
11397.

[30] Liang L., Angleson J K,Dores R M. Review :the human melanocortin —2
receptor — a model system for analyzing hormone/receptor interac-
tions in the HPA axis[J]. General and Comparative Endocrino-
logy,2013,181:203 -210.

[31]Costa J L,Bui S,Reed P,et al. Mutational analysis of evolutionarily
conserved ACTH residues[ J]. General and Comparative Endocrinol-
ogy,2004,136(1) .12 - 16.

[32 ] Buckley D I, Ramachandran J. Characterization of corticotropin
receptors on adrenocortical cells [ J]. Proceedings of the National
Academy of Sciences of the United States of America, 1981, 78
(12) :7431 - 7435.

[33]Yang Y K. Structure, function and regulation of the melanocortin re-
ceptors[ J ]. European Journal of Pharmacology, 2011,660 (1) .
125 -130.

[34 ] Navolotskaya E V, Kovalitskaya Y A, Sadovnikov V B, et al. Syn-
thetic ACTH - like peptide GKVLKKRR, corresponding to the frag-
ment 81 —88 of human pro — interleukin — la, acts as an antagonist
of ACTH receptor[ J]. The International Journal of Peptide Research
and Therapeutics,2008,14(1) .10 —15.

[35] Viistermark A ,Schisth H B. The early origin of melanocortin recep-
tors, agouti — related peptide, agouti signalling peptide, and melano-
cortin receptor — accessory proteins, with emphasis on pufferfishes,
elephant shark , lampreys, and amphioxus[ J]. European Journal of
Pharmacology,2011,660(1) :61 —69.

[36 ] Kobayashi Y, Chiba H, Yamanome T, et al. Melanocortin receptor
subtypes in interrenal cells and corticotropic activity of a — melano-
cyte — stimulating hormones in barfin flounder, Verasper moseri[ J].
General and Comparative Endocrinology,2011,170(3) ;558 - 568.

[37 ] Liang L,Sebag J A,Eagelston L,et al. Functional expression of frog

and rainbow trout melanocortin 2 receptors using heterologous

MRAP1s[J].
(1):5-14.
[38]Roy S, Perron B,Gallo — Payet N. Role of asparagine — linked glyco-

General and Comparative Endocrinology, 2011, 174

sylation in cell surface expression and function of the human adreno-
corticotropin receptor ( melanocortin 2 receptor) in 293/FRT cells
[J]. Endocrinology,2010,151(2) :660 —670.

[39]Roy S,Roy S J,Pinard S, et al. The C - terminal domains of melano-
cortin —2 receptor (MC2R) accessory proteins (MRAP1) influence
their localization and ACTH - induced cAMP production [ J].
General and Comparative Endocrinology,2012,176(2) ;265 —274.

[40]Sebag J A,Hinkle P M. Regions of melanocortin 2 (MC2) receptor
accessory protein necessary for dual topology and MC2 receptor
trafficking and signaling[ J]. Journal of Biological Chemistry,2009,
284(1):610 —618.

[41]Sebag J A, Hinkle P M. Regulation of G protein — coupled receptor
signaling; specific dominant — negative effects of melanocortin 2
receptor accessory protein 2[ J]. Science Signaling,2010,3(116) ;28.

[42 ]Metherell L. A, Chapple J P, Cooray S, et al. Mutations in MRAP,
encoding a new interacting partner of the ACTH receptor, cause
familial glucocorticoid deficiency type 2[ J]. Nature Genetics,2005 ,
37(2):166 —170.

[43 ] Liang L., Angleson J K,Dores R M. Review ;the human melanocortin —2
receptor — a model system for analyzing hormone/receptor interac-
tions in the HPA axis[ J]. General and Comparative Endocrinology,
2013,181:203 -210.

[44 ] Kovalitskaia I A, Kolobov A A, Kampe — Nemm E A et al. Synthetic
peptide KKRR corresponding to the human ACTH fragment 15 — 18
is an antagonist of the ACTH receptor[ J]. Bioorganicheskaia Khimi-
ia,2008,34 (1) :29 -35.

[45 ] Fridmanis D, Petrovska R, Kalnina I,et al. Identification of domains
responsible for specific membrane transport and ligand specificity of
the ACTH receptor (MC2R) [J]. Molecular and Cellular Endocri-
nology ,2010,321(2) .175 - 183.

[46 ] Flik G,Klaren P H,van den Burg E H,et al. CRF and stress in fish
[J]. General and Comparative Endocrinology,2006,146(1) ;36 —44.

[47]To T T,Hahner S,Nica G,et al. Pituitary — interrenal interaction in
zebrafish interrenal organ development [ J ]. Molecular Endocrino-
logy,2007 ,21(2) :472 —485.

[48 ] Wiseman S, Thomas J K, Mcphee L, et al. Attenuation of the cortisol
response to stress in female rainbow trout chronically exposed to
dietary selenomethionine[ J]. Aquatic Toxicology,2011,105(3/4) .
643 - 651.

[49] Metz J R, Geven E J,van den Burg E H,et al. ACTH, alpha -
MSH, and control of cortisol release: cloning, sequencing, and func-
tional expression of the melanocortin —2 and melanocortin -5 recep-
tor in Cyprinus carpio[ J]. American Journal of Physiology — Regula-
tory Integrative and Comparative Physiology, 2005, 289 (3 ).
814 - 826.

[50 ] Takahashi A, Kobayashi Y, Mizusawa K. The pituitary — interrenal
axis of fish: a review focusing on the lamprey and flounder [ J].
General and Comparative Endocrinology,2013,188 ;54 —59.

[51]%% &, 32, X1 ¥, 5% MBCIRAET Sl i B R A
FAEARLE W B 5T 2k e [ 1], T4 4 lk 2% 4z, 2010, 22 (8) -
132 - 137.

[52]Sandhu N, Vijayan M M. Cadmium — mediated disruption of cortisol
biosynthesis involves suppression of corticosteroidogenic genes in

rainbow trout[ J]. Aquatic Toxicology,2011,103(1/2) ;92 -100.



