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KA B N A o ARG 8 1 % A Sk fl me3r J A
FEHRHIE . G200 A5 s DA B TR AR B 05 T 1 5%
SKARIETIT NS, DI A5 .28 MC3R LAl BT R}
R I St 5 B A

1 HRSHE

1.1 SKIEEY

A5 i FH 1 3k 6550 [ v K B 0 5 B
WRIK M A ST 0 g SR SR AR S, TR PR IR E R
SE(FRFEMA MM EA2 820 mm, ¥ 700 mm, 12 2/
R 5. iR, KRITHIR, AHE201.2+
67.3) g, BFEWIME], BRI IK(8:00, 16:00),
JEJEIR F AR S5, JKIR(25+1)C
1.2 Mc3r ZESEMERFESR

MR A Sk 570 S 2 2L AR5 1 me3r JE R P
R B, Wibsl (3 D% 4A RACE i &
(Invitrogen) fil SMARTer'™ RACE cDNA Amp-
lificationKit {3 & (Clontech)y i 5% Al 3" ¥
5], RACE-PCR j=#4: ik 5 %t H 1 4545 47 1)
JgElnficalifh, 5 pMDIST #EA7iE R, #4k)m %t FH
PR 50 B BE AT I Y, B S OE O PR R AR AR S8 R
cDNA J¥%1 . Jii /] DNAMAN 6.0 %} 3k MC3R
IR )Y AN AT AT et o IR Ak 47 A i i
Netphos 3.1 (http://www.cbs.dtu.dk/services/NetPhos-
3.1/)#l1 NetNG Lyc 1.0 (http://www.cbs.dtu.dk/ser-

vices/NetNGlye/ )47 Fitill . A1k MC3R %5445,

®1 HL8 me3r RERERKAEE PCRFTASIHY
Tab.1 Primers used for Megalobrama amblycephala mc3r
mRNA cloning and the real-time PCR reactions

519 JF51(5-3") JHig
primer sequence (5'-3") usage
mc3r-1 CTCACAATACCCAAGG RACE §" 1%
me3r-2 AGAAAAACCTCTGCCTGG me3r 53

RACE amplifi-
me3r-3 TCTGGACCTGCTCGCAC cation of 5" end
of me3r
RACE ¥ 1
mc3r-4 CCAGACTTCATGTCCAGAGAATCGC ~ Me3r 3’ s
mc3r-5 AGCCGTGACCATCTCCATCCTCCT  RACE amplifi-
cation of 5’ end
of mec3r
mc3r-F TGCTGCGGACATGTTGGTAA
mc3r RT-PCR
mc3r-R GCAAATGGACGCCACAAGAG
rpll-F  CGCGAGTCATTCCTGTAACATC
rpll RT-PCR

rpll-R TGACCCTTCCTCAGCTTTACCA

ok B K P K U (http://web.expasy.org/cgi-bin/
protscale/protscale.pl) . 5 2% #4358 1 il (TMHMM
Server V.2.0, http://www.cbs.dtu.dk/servicess TMHMM
2.0N)HEAT 50T o K MEGAG6.0 #5421 () Neighbor
Joining J7iEMEE A L7 MC3R ARG KB,
1000 YK H %% (Bootstrap) ki 5 1 154515 m %
1.3 HRXESZE|XRE

BE DRV 2H 21 335 43 A0 WIS T T A ok 1 B AL 3
By 12 BHELE(Q 0 3 =1:1), & MS-222 (JA]
FEH IR WG RS ER SR, 100 mg/L)TR B JRE i,
W], RECT e, dEAA L IR B8 KB
ODHE. B B B . K. LA KA
HA 14 P2, EE KRS, SRR A
R E-80CE A& .

ARSI FEHLEE 216 RSk 543 A 18 4~ F75H
W CGEFEARMME: B 42 820 mm, ¥ 700 mm), T4
12 BB, BEOLI MR 50 IRAL (% 9 A, X0 9
ASRAERFIR] 80) o SEER AT IE # 4E, LI iR e
SCEREAH EAF 8:00 (0 hyfFIRMEE, FREERE 14 d,
HA WG 9 TS 72 h S A, X IR I
WIRE ., ABIELEIFIRIEE 0h, 6 h, 12 h, 24 h,
48 h,72h, 78 h iC K 72 h-6, HEKE M5 6 h %
Ff), 84 h (ic A 72 h-12, fEAKEFM)S 12 h RAf)
14 d RAE. kG 22 U 7 2 A1) 1 98
A SRAE B [0 X 07 P 5 A (S 36 OGS R 4% 1
). FEARBEHLIREL 6 FEfh, FRIES, i AR
JKIBLIL, B5.02(3500 g, 10 min, 4°C), WE ik 5
FEF-20CE& M POt MR e, Sk JFDE
FIBHELAEAH L] F-80° CH-TF 4 o
1.4 MiGIEIRS

I B B B2 4 A 3h A 4k 5 Bt AL (Mindray
BS400)IA5, il i Rz o B 4 6 0 38 2o 4k 2 & e
PE T2 4L /E MAGLUMIL000 4 A k2 &G
PE AL 04T, 1R & 0 RN T8 M A=
B TR FRA A
1.5 EBZEEE PCR

B 214 0.05~0.1 g, JIA 1 mL RNAiso Plus
(TaKaRa, Japan), 7B FH & & 41 23R (T 0%
AR IR AR ARSI . RNA 42 EL
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e BER P B AE UL A 2547, I NanoDrop2000
(Thermo Scientific) il RNA Jfi & M i i, HEHL
ODy60/Dago [HAE 1.8~2.0 AYFES: . Fe L) 40 ng/ul &
W RNA A4, 1 Ons Step PrimeScript™
RT-PCR Kit (TaKaRa, Japan)i® 7| &5, Fd#E
MARZR, RN SR 20 uL, 37 : 2xOne Step
SYBR RT-PCR Buffer 4, 10 uL; TaKaRa Ex Taq HS
Mix, 1.2 uL; PrimeScript PLUS RTase Mix, 0.4 uL;
Forward Primer (10 pmol/L), 0.8 pL; Reverse

Primer (10 pmol/L), 0.8 uL; ROX Reference Dye II,
0.4 puL; Total RNA, 2 uL; RNase Free dH20, 4.4 puL;

WE RN S B 1: 42°C 5 min, 95C 10 s, 1
AMER; BYBE2: 95°C 55, 60°C 34 s, 40 MEH,;
FrBt 3:95°C 155, 60°C 1 min, 95 °C 30s, 1 ME
W), HA79¢6E 7 PCR U o BRI A IS T
HAHEEH me3r FINSEEE rpll §73, & & 3 4
TR R, ROk B X IR SR s o i
2Rt H L mRNA AR 2555, AR5
Frfdi bR 26 7 B2 L3R 2. A1k mc3r mRNA
RT-PCR i FH 5|19 T3 2. rpll 514917513 IR Xue
20 mrA st e T A TR (R R E
PR EIH AT o

+z2 WHAEE PCRIEMLZ
Tab. 2 The information of standard curves for RT-PCR

FEN ARERRZ TR A RE SR % Mg

gene equation R efficiency use range

me3r Y=-3.195X+34.462  0.993  105.593 HLUNFR
tissue-specific

rpll - Y=-3.567X+28.279 0.997  101.681 expression

mc3r Y=-3.237X+32.170 0.998  103.679 T i

rpll  Y=-3.286X+31.648 0.998 101.534  hypothalamus

mc3r Y=-3.423X+34.432  0.995 95.956 Flk

rpll - Y=-3.118X+32.431 0.998  109.300 pituitary

mc3r Y=-3.195X+34.462 0.993  106.113 W

rpll Y=-3.350X+28.620 0.997  105.400 liver

1.6 ¥iEALE

A 52 5 B8 DAV BH{E AR 1E 22 (X £SD) KR,
25 B F MR GraphPad Prism 7.0 #{F
() B DK 257 2243 B (one-way  ANOVA)FI 37 FE 7
t-£7 56 (independent samples t-test), &K%
HH 0.05,

2 ZEREHSW

2.1 [k mc3r mRNA F 71

P S 55 2 I 1A S il 7 3 20 00 ) 5040 2 A
mc3r mRNA J741 5 Bt 972 bp, NCBI £ 45
HoRH S5 HALY R me3r mRNA ARUENR . £
RACE-PCR #if3 mRNA 4K 1729 bp, f7& 5
Ui 109 bp . 3% 636 bp AYIEZw L IX F1 1 1~ 984 bp
M) FE T AE, FFABEHE G, C &R 49.9%,
i 327 AEERE 1), BN TR KN HR
36.0 kD, HISZEHL 5N 8.40, 1 V¥ m Ak
0.98; Z LML Ly I, M2 LR (K, R, H) 27
A, MR TEEILTR(D, B)14 S, BiAKME LR (A,
L L, F,W,V)I187 1, HREIEKN, C,Q,S, T, Y)
99 1~
2.2 [k MC3R Z5H451E

PR b s, A Sk MC3R HA 7 Ik
RS A4 A8, AUFE AN N-A s . S IX (TM) . i
WIR(IL) . MISPFREL)FIAE N C- K&l 2). HiK
Mgt R E I Hk# MC3R 7 1e™. Ser™,
Ala?, Leu'. Leu®®, 11e®°, val® 5k 3L ftir H
AESREKER (K 3). tb4h, ZEAELRIT Y
FLE A e BRI A 57 35 (motif) PPM7PY ™
D141R142Y143 ﬂ] D299P300L3011302Y303, u& 13 /l\ﬁ
PR e IR TR I (Cys), Hi 8 My TESEEIX, 3
AT 3 AN, N-A S C-A S5 A 14
(B 4). TS HmEs R ER, The' Rz ik n
PKC BERRIL 75, Asn® Fl Asn'® 32 MK il KL 4k
(A=
2.3 H3k& MC3R BiRMEF#HL5H

FR A RIEE AT o, ATk MC3R 2R
FE5 w5 JEARSE, 5 GenBank HUS S BB HESh )
MC3R R MR I7 A AEAR S A A DL . S iR}
251 MC3R M7 I AU e, SBESfa
(Danio rerio)filfil(Carassius auratus)f) MC3R %
FEFR 75 (AR R 43 A 2] 94.19%F1 96.33%;
5% N\ (Homo sapiens). %4 (Bostaurus). ¥ % i,
(Rattus norvegicus)% 4 1.2 MC3R 2 3L R 7 51 1)
[ AR RLBE R E 65% LA (3% 3). RGEHEIL M4
(& 5)FH, 2% MCR (19 5 FhiF B4 58 S —AL,



448 [ K R R 2 %26 45

1 ATGAACAACTCATACTTGCAATTTCTTAAAGGACAGAAACCTGCTAACAGCACATCTTTG 60
1 M NNSYLGQFTLZE KGO QEKPANSTSTL 2

61 CCTTCTAATGTCAGTACTGTGGATCCTCCAGCAGGGGCGCTGTGCGAGCAGGTCCAGATC 120
2P S NV STVDPPAGALT CEHU QVQTI 4

121 CAGGCAGAGGTTTTTCTCACCTTGGGTATTGTGAGTCTTCTGGAGAACATACTCGTCATC 180
4 Q AEV FLTULGTIVSLILENTITLVTI 60

181 TCGGCTGTGGTCAAAAACAAAAACCTTCACTCTCCAATGTACTTTTTCTTGTGCAGCCTG 240
6l S AV VKNZEKNLUHSPMYTFTFTLTCSTL 28

241 GCTGCTGCGGACATGTTGGTAAGTGTATCGAACTCTCTGGAGACCATTGTCATTGCAGTA 300
88 A AADMLVYV SVSNSLETTIVTIAV 100

301 CTAAACAGTCGCATTTTGGTGGCCAGTGATTATTTTGTACGTTTGATGGACAATGTGTTT 360
01 L NSRTIULVASDYTFVRLMDNVTF 12

361 GACTCAATGATCTGCATTTCTCTTGTGGCGTCCATTTGCAACCTTCTGGCCATTGCCGTC 420
20p s MICTISLVASTIC CNTLTILATIAYV 140

421 GACCGCTACGTCACAATTTTCTACGCCTTACGCTACCACAGCATAGTGACTGTACGTAGA 480
4 D RY VTTIVFYALT®RYHS STIVTVRR 160

481 GCGCTGGTCGCAATCGCTGCGATCTGGCTGGTGTGTGTGGTTTGTGGGATCGTCTTTATA 540
61 AL VA IAATIUWLVCVV CGTIVFTI 18

541 GTGTACTCTGAGAGCAAGACCGTGATCGTGTGTCTAATCACAATGTTCTTTGCCATGCTG 600
Bl VYSESI KTV VIVCLTITMMTFTFAMML 200

601 GTTCTCATGGCAACTCTCTACGTACACATGTTTCTTCTCGCCAGACTTCATGTCCAGAGA 660
200v L M ATLYVHMTPFLTLARTLIHVYV QR 22

661 ATCGCTGCATTACCCCCAGCAGCAGCTGCCGCTGGAAACCCGGCCCCACGTCAACACAGC 720
22l T AALPPAAAAAGNTPAPTR RA QHS 240

721 TGCATGAAGGGAGCCGTGACCATCTCCATCCTCCTCGGAGTGTTTGTGTGTTGCTGGGCG 780
241 C M K GAVTTISTILILGVF FVCCUWA 260

781 CCCTTTTTCCTCCACCTCATTCTGCTGGTGTCGTGTCCGTACCATCCGCTCTGCCTCTGC 840
21 P F F LHLTIU LU LVSCPYHZPTLT CTLC 28

841 TACATGTCCCACTTCACCACGTACCTGGTCCTCATTATGTGCAACTCTGTGATTGACCCC 900
280y M S HFTTY YLV VULTIMCNSVTITDP 300

901 CTCATCTACGCCTGCCGCAGCCTGGAAATGAGGAAGACTTTTAAGGAGATACTCTGCTGT 960
301 L T YACRS STLEMMRTEKTT FTIEKTETITLTCC 32

961 TTTGGCTGCCAACCTTCACTTTAG
32 F 6 ¢ Q P S L =

P TSk 5 me3r gt X 4K 7 41 B H B8 19 IR IR 51

Fig. 1 The reading frame and deduced amino acid sequences of Megalobrama amblycephala mc3r gene
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Fig. 2 The predicted transmembrane domain of

Fig. 3 ProtScale of Megal obrama amblycephala MC3R
Megal obrama amblycephala MC3R

Higher score denotes stronger hydrophobicity.



%3 B RS DSk B R B TR 3 RS2 AR PR S e 338 51 449

Extrocellular Amino Terminus v TMD1
MamMC3R - I YL aF LkGakP AJFR]- -SLPSNVSTVDPP - - AGALCEQVQIQAEVFLTLGIVSLLE 55
DreMC3R -MNDSHLQFLKGQKSVNST--SLPPNGSLADSP--AGTLCEQVQIQAEVFLTLGIVSLLE 55
CauMC3R -MNDSYLQFLKGQKPANST--SLPPNGSTVDPP - - AGALCEQVQIQAEVFLTLGIVSLLE 55
CcaMC3R -MNDSYLQFLKGQKPAN-T--SLPPNGSTVDPP - -AGALCEQVHIQAEVFLTLGIVSLLE 54
OkiMC3R MNNTYRHLLPLDLQLNETTRESLAGEDEQGNLTGIEPGLCEAVL IQAEVFLTLGIVSLLE 60

LocMC3R - - - = - - - - - - - - - FFNST--GDINETGALGNRS - -TPGFCEQVL IKAEVFLTLGIISMLE 43
GstMC3R -MNTTHF AFSFQPVLNVTE - -DFNDS - ILNNRS - -GNGFCEQVF IKAEVFLTLGIISLLE 54
ScaMC3R - = = = = s s s e a e K---N--SEHVAAPSFSNQS--SSRFCEQVF IKPEVFLALGIISLLE 43
RnoMC3R - - - - - - - - m i m o mm - L--SQHPAAPSASNRS - -GSGFCEQVF I KPEVFLALGIVSLME 40
HsaMC3R - - - - - - - - PSVQPTLPNG- -SEHLQAPFFSNQS - -SSAFCEQVF IKPEIFLSLGIVSLLE 48

P R *

— v
LVISAVVKNKNLHSPMYFFLCSLAAADMLVSVSNSLETIVIAVLNSRILVASDYFVRL 115

MamMC3R N |

DreMC3R NILVISAVVKNKNLHSPMYFFLCSL AAADMLVSVSNSLETIVIAVLNSRLLVASDQFVRL 115
CauMC3R NILVILAVVKNKNLHSPMYFFLCSLAAADMLVSVSNSLETIVIAVLNSRLLVASDHFVRL 115
CcaMC3R NILVILAVVKNKNLHSPMYFFLCSL AAADMLVSVSNSLETIVIAVLSSRLLVASDYFVRL 114
OkiMC3R NILVILAVVKNKNLHSPMYVLLCSLAAADMLVSVSNSLETVVIAALNSRFIVADDHFIQL 120
LocMC3R NILVILAVIKNKNLHSPMYFFLCSLAAADMLVSVSNSLETIVIAILNNRYLVVKDRFIQI 103
GStMC3R NILVILAVLKNGNLHSPMYFFLCSL AVADMLVSMSNALETIMIAILSNGYLIIDDHFIQH 114
ScaMC3R NILVILAVVRNGNLHSPMYFFLCSL AVADMLVSVSNALETIMI AVVNSDYLTLEDQFIQH 103
RnoMC3R NILVILAVVRNGNLHSPMYFFLCSL AAADMLVSLSNSLETIMIVVINSDSLTLEDQFIQH 100
HsaMC3R NILVILAVVRNGNLHSPMYFFLCSLAVADMLVSVSNALETIMIAIVHSDYLTFEDQF IQH 108

v v TMD3 — TMD4 v v

MamMC3R MDNVFDSMICISLVASICNLLAIAVDRYVTIFYALRYHSIVTVRRALVAIAAIWLVCVVC 175
DreMC3R MDNVCDSMICISLVASICNLLAIAVDRYVTIFYALRYHSIVTVRRALVAIAVIWLVCVVC 175
CauMC3R MDNVFDSMICISLVASICNLLAIAVDRYVTIFYALRYHSIVTVRRALVAIAGIWLVCVVC 175
CcaMC3R MDNVFDSMICISLVASICNLLAIAIDRYVTIFYALRYHSIVTVRRALVAIAVIWLVCVVC 174
OkiMC3R MDNFFDSIICISLVASICNLLAITIDRYVTIFYALRYHSIVTMRRAVLAIGGIWLTCVFC 180
LocMC3R MDNVFDSMICISLVASICNLLVIAIDRYITIFYALRYHSIMTVRKALLAIGVIWLACIIC 163
GstMC3R MDNVFDSMICISLVASICNLLVIAIDRYITIFYALRYHSIMTVKKALTLIVVIWIACTTC 174
ScaMC3R MDNVFDSMICISLVASICNLLAIAVDRYVTIFYALRYHSIMTVRKALALIVAIWLGCGIC 163
RnoMC3R MDNIFDSMICISLVASICNLLAIAVDRYVTIFYALRYHSIMTVRKALSLIVAIWVGCGIC 160
HsaMC3R MDNIFDSMICISLVASICNLLAIAVDRYVTIFYALRYHSIMTVRKALTLIVAIWVGCGVC 168

v TMD5

MamMC3R GIVF IVYSESKTVIVCL I TMFFAMLVLMATL YVHMFLL ARLHVQRI AALPPAAAAAGNP A 235
DreMC3R GIVFIVYSESKTVIVCLITMFFAMLVLMATL YVHMFLL ARLHVQRI AALPP AAPGAGNP A 235
CauMC3R GIVFIVYSESKTVIVCLI TMFFAMLVLMATL YVHMFLL ARLHVQRI AALPPAAAAAGNP A 235
CcaMC3R GIVFIVYSESKTVIVCL I TMFFAMLVLMATL YVHMFLL ARLHVQRI AALPP --AAAGNP A 232

OkiMC3R GIVFIVYSESKAVVVCL I IMFFTMLVLMATL YVHMFLL ARLHIKRIAVLPA----EG--V 234
LocMC3R GIIFIVYSESKTVIICLITMFFTMLVLMATL YLHMFLL ARLHIKRIAALPA----EG--1 217
GstMC3R GI IFIAYSESKTVIVCLITMFFTMLFLMASL YVHMFLF ARLHVKRI AALPV ---.DG--V 228
ScaMC3R GVVF IVYSESKMVIVCLVTMFLAMLLLMGTL YVHMFLF ARLHVKRI AALPP ---ADG-AA 219
RnoMC3R GVMF IVYSESKMV IVCL I TMFFAMVLLMGTLYIHMFLFARLHVQRI AALPP ---ADG-V A 216
HsaMC3R GVVF IVYSESKMVIVCL I TMFF AMMLLMGTL YVHMFLF ARLHVKRI AALPP ---ADG-V A 224
v TMD6 v v v v v TMD7 v
MamMC3R PRQHSCMKGAVTISILLGVFVCCWAPFFLHLILLVSCP YHPLCLCYMSHF TTYLVLIMCN 295
DreMC3R PRQRSCMKGAVTISILLGVFVCCWAPFFLHLILLVSCPHHPLCLCYMSHFTTYLVLIMCN 295
CauMC3R PRQRSCMEGAVTISILIGVFVCCWAPFFLHLILLVSCPHHPLCLCYMSHF TTYLVLIMCN 295
CcaMC3R PRQRSCMKGAVTISILLGVFVCCWAPFFLHLILLVSCPHHPLCLCYMSHFTTYLVLIMCN 292
OkiMC3R VPQRTCMKGAITITILLGVFVCCWAPFFLHLILLITCPKNQLCVCYMSHF TTYLVLIMCN 294
LocMC3R VQQRTCMKGAVTITILLGVFICCQAPFFLHLILIITCPKNPYCLCYMSHFTTYLVLIMCN 277
GstMC3R PYQRTCMKGAVTITILLGVFIVCWAPFFLHLILIISCPMNPYCVCYTSHFNTYLVLIMCN 288
ScaMC3R PQQHSCMKGAVTITILLGVFVFCWAPFFLHLVLIITCPTNPYCVCYTAHFNTYLVLIMCN 279
RnoMC3R PQQHSCMKGAVTITILLGVFIFCWAPFFLHLVLIITCPTNPYCICYTAHFNTYLVLIMCN 276
HsaMC3R PQQHSCMKGAVTITILLGVFIFCWAPFFLHLVLIITCPTNPYCICYTAHFNTYLVLIMCN 284
Cytoplasmic Tail vy
MamMC3R SV IDPL | YACRSLEMRK[TFKIEILCCFGCQPSL 327
DreMC3R SVIDPL I YACRSLEMRKTFKEILCCFGCQPAL 327
CauMC3R SV IDPL I YACRSLEMRKTFKEILCCFGCQPPL 327
CcaMC3R SVIDPLIYACRSLEMRKTFKEILCCFGCQPSL 324
OkiMC3R SV IDPVIYAFRSLEMRKTFKEILCCFSATCS I 326
LocMC3R SVIDPI | YAFRSLEMRKTFKEIICCYG- - - - - 304
GstMC3R SV IDPL I YAFRSLEMRKTFKEIMCC -« - -« - - 313
ScaMC3R SV IDPL | YAFRSLELRNTFKEILC -« - -« --- 303
RnoMC3R SV IDPL I YAFRSLELRNTFKEILCGCN- - - - - 303
HsaMC3R SV IDPLIYAFRSLELRNTFREILCGCN- - - - - 311

K4 KFEYF MC3R Z IR T4 1) £ & Lot
WAy T 5 LR IR, JFAR1C N TMDI1-7. f&5F % PMY . DRY 1 DPLIY (NPXXY)JEJF LIRS bR, MR R (A FT k5
BN 58 AR AT R BE RS (2 e R R . A PR (A B 5 /R TR0 A M B i, D HE R U A B TR AL . RS F0R
TEEMSF IR ILER R FE. Mam: A3k fj; Dre: BEL fi; Cau: #l; Cca: ff; Oki: ARG fA; Loc: BES AL, Gst: AWETE Y,
Sca: JEPN/K4; Rno: % ; Has: & A.
Fig. 4 Multiple aligment of MC3R amino acid sequences of different species
Transmembrane domains in grey shadow are labelled as TMD 1-7. PMY, DRY, and DPLIY (NPXXY) motifs are marked with horizontal
lines. Completely conserved and highly conserved cysteine residues are indicated by black and white arrowheads, respectively. Dark
shadows show N-linked glycosylation sites. Predicted phosphorylation sites are depicted by open boxes. Asterisks indicates the con-

servative amino acids. Mam: Megalobrama amblycephala; Dre: Danio rerio; Cau: Carassius auratus; Cca: Cyprinus carpio; Oki:
Oncorhynchus kisutch; Loc: Lepisosteus oculatus; Gst: Gavia stellata; Sca: Syncerus caffer; Rno: Rattus norvegicus; Has: Homo sapiens.
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Tab.3 The identity of the MC3R amino acid sequences from different species %
YiFp species G.gal Rnor H.sap B.tau O.myk O.kis A mex D.rer M.amb C.aur
JFXY Gallus gallus, G. gal 100.00
¥ % Bl Rattus norvegicus, R. nor 73.21  100.00
A Homo sapiens, H. sap 7536  89.78 100.00
Z‘F- Bostaurus, B. tau 75.36 88.85  91.95 100.00
T % Onchorynchus mykiss, O. myk 68.40 65.92 66.24 67.20  100.00
KM Oncorhynchus kisutch, O. kis — 68.40 6592 66.24  67.20  99.09  100.00
PR EE Astyanax mexicanus, A. mex 66.79  69.66 6873  70.59 71.60  71.90 100.00
P fa Daniorerio, D. rer 67.75 69.91 69.28 71.16 76.22 76.55 84.71 100.00
|43k Megal obrama amblycephala, M. amb ~ 67.39 70.53 70.22 72.10 77.20 76.87 86.54 94.19 100.00
fify Carassius auratus, C. aur 67.39 69.59  69.28 71.16  77.20 7752  84.71 95.11 96.33  100.00

99

WS4 Danio rerio MC3R(AAI62747)

93 [k Megalobrama amblycephala MC3R |
100
# Carassius auratus MC3R(BAJ83473)

———— B SR8 Astyanax mexicanus MC3R(XP 007231215)

99 [ T8 Onchorynchus mykiss MC3R(XP 021472828)
100 L4R KI5 Oncorhynchus kisutch MC3R(XP 020360426)
JE Gallus gallus MC3R(BAA32555)
87| R4 Bos taurus MC3R(AFH58728)
4]00'% K B, Rattus norvegicus MC3R(NP 001020441)
64 A Homo sapiens MC3R(NP 063941)
92 [ #8 Cyprinus carpio MCAR(CBX89936)
i Carassius auratus MC4R(CAD58853)
100 BEDL 4 Danio rerio MCAR(NP 775385)
78 HT#& Onchorynchus mykiss MCAR(XP 021445107)
] ——— WT%% Onchorynchus mykiss MCSR(XP 021428471)
100 #0 Carassius auratus MCSR(CAE11349)
T)O'_Eﬁi Cyprinus carpio MCSR(CAH04351)
91 B8 Daniorerio MCSR(NP 775386)
100 — ## Cyprinus carpio MC2R(CAE53845)
100 | L 4 Carassius auratus MC2R(BAJ83472)
| #5 Dicentrarchuslabrax MC2R(CCA95110)
99 70 ) Carassius auratus MC1R(BAJ83471)
’_E%ﬁ%r‘ﬂﬁﬁi Astyanax mexicanus MC1R(ACN39570)
100 L'j %% Dicentrarchus labrax MC1R(CAY39344)
82 HT#% Onchorynchus mykiss MCIR(NP 001182107)
0.1
K5 JET MCR ZAEMIF VIR NI RE A E R
Fig. 5 NJ phylogenetic tree of MCR amino acid sequences
7E MC3R —A% I, fZEHMAEARYIFIA) MC3R X Fefmi(P<0.05), HUk 35 AR G155 (P % TG 1 % 22

IMVERAS/INEL, 7Sk 85 MC3R i T2 MC3R 43
K b, SRR UL RE B i
2.4 [F3kf mc3r mRNA E@zﬁ_,\ﬁﬁﬁ&

3k 5 me3r mRNA HE4U 45 R B, 760
KA 40F, me3r mRNA 76 F i iy 23k &

5t P>0.05). HARE L 23 AS [R) AR R ) e S
Pk, HHEE SR B E KT T . B Ammep
BRI S K (P<0.05) . HE4h, B EL AR S me3r
mRNA 1835 F A7 835 22 5 (P<0.05), IR
[ R35 B W m TRE S R IR R (P<0.05, K& 6).
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me3rfitFA R
relative mc3r expression level

0
Hy Pi Ey Gi He Hk Ki In Li Sp Sk Mu Ov Te
ZH 4 tissue

Kl 6 mc3r mRNA 7& 713k i A [/ 2H 88 1) 40 A

Hy: FEM; Pi: FE{K; Ey: HR; Gi: #8; Hk: 3k'%; He: O
Ki: '%; In: #; Li: if; Sp: M8 Sk: FR; Mu: JLA; Ov:
GUEE; Te: KS&L; RPN HEMHEA RN 6. RFEFEFRRA
[AI R A] &5 me3r 363522 57 .3 (one-way ANOVA, P<0.05).
Fig. 6 Tissue-specific expression of me3r in Megalobrama
amblycephala
Hy: hypothalamus; Pi: pituitary; Ey: eye; Gi: gill; Hk: head
kidney; He: heart; Ki: kidney; In: intestine; Li: liver; Sp: spleed;
Sk: skin; Mu: muscle; Ov: ovary; Te: testis. The sample size of
ovary and testis are all 6. Different letter indicate significant
difference between different tissues (one-way ANOVA, P<0.05).

2.5 TEM® mc3r mRNA fIRIAT
X FRZH AN 28 5] me3r mRNA [ #5551
24 h I 48 h BFA BE FIE(P<0.05), mzEgddh
Oh,24h,48h, 72h f1 14 d H#E@%%%%ﬂjﬁjﬁ%
T H A I ] 5 (P<0.05); 5 % B8 2H AH 1,
20 mc3r mRNA 7£ 72 h #il 14 d Hﬂ‘ﬂ@%%7k¥ﬁ%
L (P<0.05); itk s ZE S HIE], me3r mRNA
[ e I8 = 7 B H OB OB M [R] 5 (8:00) Bt 3 A A
WIPE LB B4 (P<0.05), THTERE WIS 6 h
(72 h-6)Ht, mc3r mRNA ik i flk; H5KE#
M5 12 h(72 h-12)AYFRIKAKF-FIXT AR L, ¥
TR EZS, TERERERES me3r mRNA 1
M SR FIBWAR IR B IE 5 K- (B 7).
2.6 EFEKH mc3r mRNA B RIET
XEREZH T me3r mRNA 19352840 7775 J5 11
PET AR (K 8), B H B IR [] 55(8:00, XF
N RAERTE] A5 0 h, 24 h, 48 h, 72 h Fl 14 d)IFHE
mc3r mRNA (55 Rk K F-fei, I 6 ha
(14:00, XN RFERTE] £ 6 h Al 72 h-6), HIE 5K
SRAET IR, MAEEER 12 h J5(20:00, XF W RAE
FIE] 5 12 h Al 72 h-12), HAL stoKoF gk —24 T,
IF H XA Sk T PR AE B R AR MR (] i
WIS 12 h Z[A1pY 2 5% B3 (P<0.05). 25 &AM

0O X #&4H control group
1.4 B SEE4 experiment group ¢
| B *B
1.2 b b
102
0.8 |
0.6 |
04}
02}

n=6, xtSD

me3rtixt ik &
relative mc3r expression level

0 6 12

24 48
fsfE]/h time

72 72h-6 72h-12 14 d

7 ARERASTT AL 5 R il b me3r i3R38 7221k
ARG TR SR 2 R [R] [] 22 53 .2, ARTRNE
FRE SRR X B ZH PN S [ o ] A28 57t . 3 (P<<0.05). * IR [A] —
Fisf [F) 0 S 56 20 R % R 2 25 % 35 (P<0.05). 72 h-6 Fniligk
72 h R AL 6 h, 72 h-12 FoRYUEK 72 h J5 R E B 12 h

Fig. 7 Effects of fasting on mc3r expression profile in the
hypothalamus of Megalobrama amblycephala
Different capital letters indicate significant difference among
the different time-points in the experimental group, and the
lowercase letters indicate significant difference among different
time-points of time in the control group (P<0.05). The asterisk
means significant difference between the experimental and
control group at the same time-point (P<0.05). 72 h-6 means
refeeding 6 h after 72 h of fasting and 72 h-12 means refeeding
12 h after 72 h of fasting.

O %t #&4H control group B
B 325041 experimental group n=6, x+SD

*C *C

me3rfiistFaAs R
relative mc3r expression level
oo e ==
ol honowo o ®
0

0 6 12 24 48
ffE]/h time

72 72h-672h-1214d

K8 ARERA T WISk @ {4 b me3r KL iy Kb A2 L
RNR KRG F R I E H WA R I (A S 22 57 B3, ARG
FBR R IR N BRZH YA [7] A ) 5 22 5 W 35 (P<0.05). * IR [A] —
PR [0] 5 S 56 20 RO 2 22 57 12 3 (P<0.05). 72 h-6 KR TLIR
72 h SRR E AW 6 h, 72 h-12 FoRYLEK 72 h JFRE 0 12 h,

Fig. 8 Effects of fasting on mc3r expression profile in the

pituitary of Megalobrama amblycephala
Different capital letters indicate significant difference among
the different time-points in the experimental group, and the
lowercase letters indicate significant difference among different
time-points in the control group (P<0.05).
The asterisk means significant difference between experimental
and control group at the same time-point (P<0.05). 72 h-6
means refeeding 6 h after 72 h of fasting and 72 h-12 means
refeeding 12 h after 72 h of fasting.
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mc3r mRNA 1% SRARL AT AL R, 1 L5 %
HRZHAH LY, 48 h B me3r mRNA §4 5 %R0 iR
F i T B K- (P<0.05) o (B 1R ik 42 #WE J
() 6 /NEF(72 h-6), me3r A Sk RN BL T <555,
HAR IR B A 3 5 T X R 41 (P<0.05), 1 HH
Fek R A WM R B R me3r mRNA [ (E
KA
2.7 BFBE® mc3r mRNA I RIETL

St HEZH o me3r mRNA A28 8L TEAE Ik 5,
JCH B, Hih oh, 24 h. 72 h F1 72 h-6 WY
BRI EEZES, HS 6h .48 h #1 14 d B (1)
ek P I 22 5, HHPEET 12 h B
B SR (P<0.05) . 25120 H me3r mRNA Y5
AR AR B0 5 % BR A B AE BUAR L, AU AE A
B EWELE] T me3r mRNA 1925 5 33k,
HfE 72 h 25 £ 40 me3r mRNA HIL T B3 T
P(P<0.05), MiAE 14 d BFWZLE] me3r mRNA % 5%
KPR (P<0.05, B 9), X2 RATRES
AL AR T I 4 93 0 6 T W 1 = T SR BB g ) 5
W AH G

- [ X84 control group
[ 3E304 experimental group

B * B
bB
| abAB A DbAB ab

© o o © © o o
N W A L N2

me3riiNRER
relative mc3r expression level

[=)

0 6 12 24 48
5} [E]/h time

72 72h-6 72h-12 14d

K19 ARERAETN BISK B me3r iy Ris 281
AN KRG bR SR 2 A R ] 5 22 5 B35, ARNE
FRE IR X B A [ I ] A5 22 7t .35 (P<0.05). *3R7R [f] —
I ) S 6 2L R XS IR 20 2 5 1 2% (P<0.05). 72 h-6 FR YLK
72 h JE KA AW 6 h, 72 h-12 FARDLEK 72 h JE PR 12 h
Fig. 9 Effects of fasting on mc3r expression profile in the liver

of Megal obrama amblycephala
Different capital letters indicate significant difference among
the different time-points in the experimental group, and the
lowercase letters indicate significant difference among different
time-points in the control group (P<0.05). The asterisk means
significant difference between the experimental and control
group at the same time-point (P<0.05). 72 h-6 means refeeding 6 h
after 72 h of fasting and 72 h-12 means refeeding 12 h after 72 h
of fasting.

2.8 BIkEGFEERETERERMENTL
FREE 72 h EE B UL RIR BRI, L5
15X FRALA L, B 7K SF T8 i 35 A8 16(P>0.05)
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b, BEAWEFT T B 04 W I B[] 50T 5, LU
K IAE 6 h FIVKE WSS 6 h (6 h Fl 72 h-6
ﬁﬁ#%$%lﬂm It H AR LA 32 4
HAEQG O AEERRERENZW, Hit
%%%ﬁhﬁﬁhmﬁ% (R T AL o T 38
14 d WZEE, XTI AT 7™ A= T B (52 ), 4%

ﬁﬁﬂ%*%i%ﬁ?ﬁ%@ﬁ?mw% Kl
10)o HY BRI, I A ER £ Al RRRE f2 A 25 0 B
JRAEIL
- XfHE4H control group

14 - _o— 57640 experimental group 3

Bl =6, 7£SD
g -§ 10+
g% ,]

2L

0

0 6 12 24 48 72 72h-6 72h-12 14d
HR/h time
P10 ASEDIRZST P Sk 7 b ) 22 1k
* R [7) — I ) 5 S 30 4 RG] IR 4 22 57 I 25 (P<<0.05).
72 h-6 FRYLK 72 h JE KSR 6 h, 72 h-12 FRYLHK 72 h
JAWRE M 12 h
Fig. 10 The effects of fasting on blood glucose levels of
Megal obrama amblycephala
The asterisk means significant difference between the experi-
mental and control groups at the same time-point (P<0.05).

72 h-6 means refeeding 6 h after 72 h of fasting, and 72 h-12
means refeeding 12 h after 72 h of fasting.

F T T W 5 R () 1) B, Bz R K P
AL AEAE TR P A, H K BTE 6~
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PRI 15 £ 1) S e 0T ), S A By BT Y o 5 AR
AR EEF(P>0.05), MzEE 14 d B}, 28E4
WLV R 57 B 7K Jb 3 e T 6 B2 (P<0.05), R
MUARR RS T RE R A= T 28 1k
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OO oI IR AR AR 105 (A BRARE 3 57), me3r mRNA

11 ARERRASTE 1Sk 85 10008 B B i 22 1k
I ) — IR [11) 5 5 90 2 R X R4 25 57 W 35 (P<0..05).
72 h-6 FRRHLE 72 h G K I 6 h, 72 h-12 FoRUEK 72 h
JE R BLIR 12 h.
Fig. 11 The effects of fasting on serum cortisol levels of
Megal obrama amblycephala
The asterisk means significant difference between the experi-

mental and control groups at the same time-point (P<0.05).
72 h-6 means refeeding 6 h after 72 h of fasting and
72 h-12 means refeeding 12 h after 72 h of fasting.
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Abstract: The melanocortin system consists of melanocortin peptides derived from the proopiomelanocortin gene,
five melanocortin receptors, two endogenous antagonists, and two ancillary proteins. It plays a role in many im-
portant physiological functions of terrestrial animals. Studies on rodents have affirmed the role of melanocortin
receptor 3 (mc3r) in feeding behavior and energy regulation. However, the function of mc3r in fish, including
basic information, is not well understood. Thus, to determine the initial value of fish mc3r and assess the role of
MC3R in fish feeding behavior and energy regulation, the full-length cDNA of Megal obrama amblycephala mc3r
was cloned. The nucleotide sequence and deduced amino acid sequence were analyzed using bioinformatics
methods. Blood glucose and cortisol levels were detected, and real-time quantitative PCR was employed to char-
acterize the tissue expression profile and expression during fasting and refeeding. The results showed that M. am-
blycephala mc3r ¢cDNA encodes a protein of 327 amino acids, which shares a high amino acid sequence identity
with that of other animals and is characteristic with the typical seven transmembrane domain. Phylogenetic analy-
ses showed that the mc3r cluster was within the MC3R clade of the Cyprinidae MC3Rs. The tissue expression
analysis revealed that M. amblycephala mc3r was highly expressed in the hypothalamus, pituitary, liver, and ovary,
whereas its expression was much lower in the other detected tissues. During fasting and refeeding, mc3r mRNA
expression in the hypothalamus and pituitary showed a periodic variation with higher expression near the first
feeding time every day both in the experimental and control groups. Furthermore, the expression of mc3r mRNA
was significantly increased and was higher than that in the control group after 72 h and 14 d fasting in the hypo-
thalamus (P<0.05), whereas similar results occurred in the pituitary at 72 h fasting and 6 h after refeeding
(P<0.05), and in the liver at 48 h and 14 d after fasting (P<0.05). In addition, an obvious change in blood glucose
and cortisol was only observed with long term fasting (P<0.05). The M. amblycephala mc3r is not only highly
conservative in genetic information, but also in its tissue expression profile and physiological function during the
evolutionary process, and may play an important role in feeding behavior and energy regulation.
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