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(1. Ay F e PRl AT R85 K R T i S =

B H 8 (Cynoglossus semilaevis) BB =
EEHZEARRERIE

BAIL'? KRR R kg
goEME RV 5 R

TR AIM T TRSEYHARE G RE  PEAGREDT T b

WORKPERRIET 8 2660715 2. HRIEFRFESHAREZLRE RS Y RS =
HE 2660715 3. LMRGEREKSSEG%ERE LI 201306)
BE HRREBEEEE EWELEMCH) K KB &5 ¥ 78 F 8 (Cynoglossus semilaevis) T IR I &

MR B9 5% %, B F 0 B IRAE T £ 5 85 pMCH2, 1t NCBI k%% 7 pMCHI cDNA 77, %
T pMCH mRNA 8y 4 2k A5, R T R KA % ik B9 pMCH mRNA %3k 5 TR U 2 (2
FEH x4, 38T, pMCH] cDNA 7% 476 bp, % 134 Na K8, 5®BE . W H fns
W H & KW pMCHl @28 R N 1 Nt %, pMCH2 ¢cDNA J§ 7| 2K § 626 bp, 4745 147 M A F
B, SHME MK E &K pMCH2 8HBEN | Mo X, 2 MCH mRNA 7 EEK P LA
ExE, FB, MCHI mRNA 7 WAL A 489 H 41 40 3 5T A | 2 3k 3k ; MCH2 mRNA 7 i,
MR Rk . BIRMUIE R R Bk . MERAMRA A b T AN B R E Kk, MCH mRNA k35 TR M2
WA 3 Z AT B R, BEEF K kT MCHI mRNA R I H A0t &k B, #E 10%2
WHNW KL ERS, MEMEMREMARER K, T MCH2 s, RIRMWIER &5 TRM 50%
b 0y R SR P AR B A R E 89 MCH2 mRNA £k KT, E4ETRM 10%E b4 F LR 80% &
thd, HERFAKFEERK, kP MCH2 RAHHMEVEENATEZAGNEY ., AFARE

R AR MCH 35 5 2 78 5 45 B IR U B LMk iy sk 1508 28 0 R TR

KA

hESERE S917.4 SCHEkERIDED A

i, B R E I ER (Melanin concentration
hormone, MCH)JE K54 i K Ey I f1(Oncorhynchus
keta) H 43 B %5 R AU (Kawauchi er al, 1983). TEIK
PRI, MCH /) 32 2Ly fig /2 55 A sl 3 i 6 2
TCHRAN AL %2 A= . Takeshi 25(2007)%} F ¥ (Paralichthys
olivaceus) I 5T &I , B FRFHIAEE T JCIRM SE AL L
) F AR T R AR AL, 1 H A AR AT G

FIEES; BECREENE; TRMEMN; RAHEE
XEHRS  2095-9869(2017)01-0081-10

MCH mRNA kK- 2 i TR OIS, R
MCH e 2 6F JC AR ) 28 4k 75 Th) B A 22 A 4R
Mo AME MCH Ahb3A] 4 2B B (Verasper moseri)
AR Bz Bk B AL BE R S g4k, Rt il i) MCH
mRNA #4357k -7} 5 (Takahashi et al, 2004), 20 i
2g 80 AFEAR LI, MK S5 fii(Minth et al, 1989), F 4k
t.(Oreochromis niloticus)(Groneveld et al, 1993) ., #iy f#
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2 )R 38 %

(Oncorhynchus mykiss)(Baker et al, 1995) . 4 fii
(Carassius auratus)(Mizusawa et al, 2009), Bt h
2009) . & PN L
(Pseudopleuronectes americanus)(Tuziak et al, 2012)#
BN (Platichthys stellatus)(Kang et al, 2013)%%
i £, 25 1 i rP AR AR A5 3 T MCH 28R Z ik, 402
DA S UML) B2 v 24 3 Y MCHL 1Y
2 Pl R EL R (MCH1 Fl MCH2)., Kang %£(2013)#F5¢
R, A RTS8 Std v Fe
TG HE A s €2 1 Frfiki o (9 MCHT . MCH2 mRNA 7K -4
KA TR R ZERRETN, BAVGIES:, MCHI
X} ICHR AN B AL A S 7 FH (Amiya et al, 2005), MCH?2
F Ik PN S B 2 R REUE AL F (Mizusawa et al,
2015), FW MCH1 Ml MCH2 ¥ 5 T 825 6 HR 1)
T i AE A 4

¥ 5 85 (Cynoglossus  semilaevis) W i 1 VT V6F
REVEE B2, FRE TR A6, LLghifE . o8
R 2%, Je— R AR R SO M TR A2, 3
E B A T [ B = K R IR 2 — (R SR A,
1988; M=% A5, 2006). B FRFDI A RE, FR5HF
T SR R0 A € PR AR 19 T T 5 0, Sk b TG IR A
BALBR T H R T A% (FEIE# AR 20%-—
30%) , J8A BELAG- 2 8 5 65 5 B8 7 M RS R A
— o ATRANIH N 1 5 5 0 AR A JE A 2 2B R I 1 3
FEOLHI, VEHZBIIE T MCH LN By 2540 B 41 4 38
PE, BT T HRB RS TIRMB AR E R, B
W PRSE MCH 945 2 i 75 570 HR AN AL 18 1 AL 61
FEALHB AR

1 MRIERE
1.1 SRy

S8 P W R I L AR A R T IR B
S, RSt 3 R, &Ky 25-35 cm, {KECY

(Danio rerio)(Berman et al,

250-450 g, JH MS-222 (260 mg/L)ME SIS, Hheik
BT, B, OFFRE. O, B . B H.
LB TR M. BRI A IR R R . JCHR )
b K Bk (B H2 )« TCHR A TE 5 K Bk (F1 1), 3 15 A4 4,
WAREB T HGE, J5HEA-80CHBACIRIKFEIRAE, 12
HUE RNA, JEF73E N 7o B f2l 213550 #r o

B[R — = DR HE R 2N 10-15 om (238 75 5
12 )&, Fie B TEHR ) 2R Ak i L AN TR Rl 434 4 4.0
10%. 50%. 80%), %4 3 &, HCHM A (I 5 4
AR IRH LY, FF 508 MCH mRNA 35 5 HR
M BACFEE IR

1.2 5 RNA $2EF0 cDNA £ 1 8K

FH RNAiso Plus(TaKaRa, HZA)/Hp4#2H 1.1
15 MHSUR R RNA, DL 1% IR W SR L 1k Al
Nanodrop2000 (Thermo , 32 [E) Kl RNA #1457 1 FHR B .

B 1 pg g4 RNA, LA PrimeScript RT reagent
Kit %% 5387 £ (TaKaRa, H74%)4& i cDNA %6 1 5,
F20CHAE, AT s Bk, ML SMARTer™
RACE ¢cDNA Amplification Kit (Clontech, ZE[H)& i,
5-RACE % 3’-RACE cDNA % 1 ##, JIF RACE 3£
5. HUASHZUY R RNA, JHREE A B cDNA 25 1
%, HF MCH mRNA W€ RK T, H4AEL TR
B4 REGER S Ul B kA T
1.3 MCH2 #[E cDNA =&

pMCH2 ¥.0> i BEF 51 NCBI T #(GenBank J#
H]5 . XM_008315412.1), % it MCH2 i) RACE 5|#)
MCH2-GSP5, MCH2-GSP3 . MCH2-NGSP5 ., MCH2-
NGSP3(5E 1), W SMART™RACE cDNA " #4351
% (TaKaRa, HZA)Y 3 pMCH2 ) cDNA 2751, DL
% 1 %% cDNA J#itlk , H] Smart RACE Advantage 2
PCR if| & (Clontech, &[T PCR 471y, 55 1 YKk
J& PCR i 15 |4 MCH2-5'OUTER HI MCH2-3'OUTER,

1 #iBFEE MCH2 cDNA F5|5ES| 4

Tab.1

Primers used for cloning MCH2 of C. semilaevis

5|#) 4 FR Primer name

5|4 ¥ %1 Primer sequence (5-3")

YE R Purpose

UPM-long
UPM-short CTAATACGACTCACTATAGGGC
NUP AAGCAGTGGTATCAACGCAGAGT

MCH2-5"OUTER
MCH2-5'INNER
MCH2-3'OUTER
MCH2-3'INNER

CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT

TTCCCCAGCAGGGTCGGTAAACTCT
GGTTTCCGTCGTCTGCTCTGTAGTTGTT
ATCGTCTGGTGACCTCTGACCCCTG
CCGCCACAGGAGTCGTGATGTTTTC

5'F1 3’-RACE PCR

51 3’-RACE PCR

5°F1 3"-RACE #3{ PCR
MCH2 5'-RACE PCR
MCH2 5-RACE #3 PCR
MCH2 3’-RACE PCR
MCH2 3'-RACE &3 PCR




CAR Y

FrAKIT AR 2 B(Cynoglossus semilaevis) M0 2 & IR KL N 1Y 5 e FI R 35 83

AR Z (25 pl): 17.25 pl ddH,0 ., 2.5 ul Buffer ., 0.5 pl
50xdNTP Mix. 0.5 pl 50xAdvantage 2 Polymerase
Mix . 1.25 ul cDNA . 2.5 ul UPM 5[#) 1 0.5 ul OUTER
5195 PCR IR 448 94°C 30s. 67°C 30 s(F MR
1#9% 0.5°C). 72°C 1 min, 15 MEH; 94C 30 s, 58°C
30s. 72°C 1 min, 3£ 28 MEFH .

PL pMCH2 %5 1 K PCR =9y Wit , i 5149
MCH2-5'INNER #l MCH2-3'INNER 4} 5] #4712
PCR, MR ZR QS5 ul) M. 1.25 ul 55 1 ¥ PCR P24
PR . 19.25 pl ddH,0 ., 2.5 pl Buffer, 0.5 ul 50xdNTP
Mix, 0.5 pl 50xAdvantage 2 Polymerase Mix, 0.5 pl
NUP 5147, 0.5 ul INNER 54, PCR ¥4 /4726
1 K PCR, PCR f=¥1%: 1%35 e o ik, VIRl
Mo, R ek, $ERPE LB BMAREFREL, 37CHR
SR, LG4 M13F il M13R #4717 PCR §~
B, RERATR 94°CHZEPE 5 min, (94°C 305, 55°C
30s, 72°C 50s) 30 PMEFR, 72°CHEMH 10 min, Pkik
BHPE B ik A T A= 9 TR (it ) I A7 BR 2 Wl T

B

4 A NCBI F#Y pMCH1(GenBank 37415
XP_008322511.1)F) cDNA ¢ 5 FIA 58 1545 1) 2 i
T pMCH2 1) cDNA [T 5144, 4351t 2 % e i

1.4 MCH mRNA HEE

5% MCHI-DF 1 MCHI-DR . MCH2-DF Hl MCH2-
DR, DL B-actin HWNZ&itE w519 B-actin-F Fl
B-actin-R, E & PCR TSI HFFIILE 2.

B-actin . pMCH1 Fl pMCH2 7 PCR ¥ 14 51 .
95 CHiAEM: 30 s, 95C 5's, 58°C 20 s, 340 4F
o bR il e/ LU cDNA M (F 1.3)dkFT
5 AERRBERG RE K 6 AFRUE I T . B LURE S 4y
Mriscs 3 MBS, BT E 25 FIX R, PCR 4
S IR 95%-106%.

15 RO

pMCH SR P9 PF4% | A BT IIHES: . 731
TN A H R TR A 2 B R (R Rk 43 B 2
DNAstar 5.0.1, {55 IKHUM{# A SignalP 4.1 (http://
www.cbs.dtu.dk/services/SignalP/) , %2 31K 5 571 Ho X Fil
RE AL M ClustalX 2.0.12 (http://www.clustal.
org/download/current/) fil  MEGA 5.1 (http://www.
megasoftware.net/mega51.html), Z 48 A4 24
MEGA 5.1 %44+ Neighbor-joining ([ B {E M 1000).

FE it PCR AR 274 O i 158 H A 2R I3 A4 A
X} ikt (Livak et al, 2001) 525 %04 % Fl SPSS(17.0
WA G AT B 2 5 22731 (One-way ANOVA) Al
Duncan’s Z 5 LT, 24 P<0.05 I h 2557 3

#2 FBEE MCHL. MCH2 0 f-actin 2R EE PCR B3| ¥F 5|
Tab.2 Primers used in real-time PCR assays for MCH1, MCH?2 and fS-actin of C. semilaevis

5|4 4 ¥ Primer name

51 9)J¥ %1 Primer sequence (5'-3")

Y& H Purpose

MCHI1-DF ATGCGTCCGTCACTGCTATC MCH]1 Real-time PCR
MCHI-DR TGTCGTCGTCTTTGGTCATC
MCH2-DF AGCCTGGGTTCGTTACTGG MCH?2 Real-time PCR
MCH2-DR TTTCCGTCGTCTGCTCTGTA
B-actin-F GTAGGTGATGAAGCCCAGAGCA [S-actin Real-time PCR
B-actin-R CTGGGTCATCTTCTCCCTGT

2 #H 147 NEEER, 55 KN 18 AR A 1), Wk

2.1 pMCH cDNA F 3 &8 a

T pMCH1 cDNA JPFIK Nl 476 bp, ffE
405 bp AYIT LB EHE(ORF) . 71 bp AY 3'dE4wfd X
(3'-UTR), %% 134 PMEERR, fF5KEK R 24 M5
FERR(FE 1), KT 54 14.8 kDa, 25 HL 5 N 6.46,
pMCH?2 cDNA 734K K 626 bp, f1ff 444 bp [
ORF. 32 bp 5-UTR A1 150 bp AY 3'-UTR, %if%

BKFG 2> FHEh 16.2 kDa, %581 54 5.89,

W MCH 2 NS C XA
1/~ RR 2L, HBBWIF I a5 A 2 MRSE
AIPRARZERE , H 2 A F e 2 R 45 AT L )R 1l — it
o . MCH1 UK &4 17 D2 LR (DNMRCMVG-
RVYRPCWEV), i MCH2 KM 21 A& FER
(ELDMLRCMIGRVYRPCWGTSN)4 i, % Fh4d FE MR
YR 2 SR HnT REAFAE D BE L 22 5
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PMCHI

1

61
21
121
41
181
61
241
81
301
101
361
121
421

ATG CGT CCG TCA CTG CTA TCC GTG ATC TTC GCT GTC TCG CTC ATT TTIC AAG TGC TAC GTG 60
20
120
40
180
60
240
80
300
100
360
120
420
134

CTC TCA GGC GCA CTG CCC ATG ATG ACC AAA GAC GAC GAC AAC GCG TTA GAC CAG GAG ACA
__________________ A L P M M T K D D DN A L D Q E T
TTT GCT TCG CTG CTG AGC GAT AAG GCG ACG GAA AAT GGC CTA GCT GAT GGA GAT CTG GGC
F A S L L S D K A T E N G L A D G D L G
GCA GAC CTG AAG GCG AGA GGC TCC AAG ATC ATC GIC GTG GCC AGC CCA AAC CTT TTG AGG
A°D L K A R G S K I I V VvV A S P N L L R
GAC CTG CGG GTG CTG AAC GGT GGG ATG TCA CTG TAC AAG AGA CGA GCG GAC AAC CAG GTC
D L R V L NG G M S L Y K R R A D N Q V
TCC ACC GCT TCC GAC ACC AAC CAG GAC ATG GAC ATC CCC ATC CTG AGG AGG GAC AAC ATG
S T A S D T N Q@ D M D I P I L R R D N M
AGG@ ATG GTG GGA CGA GTC TAC AGG CCG (ﬁ%mc GAG GTG TAG GAC CGG GAG AGA GAG
R\C/M V G R V Y R P\CJW E V

AGA GGC GIT CTC CAT GIC TTC ATC GTC CTC AAC ATC CTC CTA ATA AAC CCC CAA AA

*

PMCH?2

-32
1

6

21
121

41
181

61
241

81
301
101
361
121
42
141
48
541

—

—_

—_

Fig.1

ATG ATC

GTC TCC TCC GTC

AC ATG
CTC ATC ACT TTG

GGG ATC AGC AGA TTC
GTG CTG TCC TCA GTC

AGA GGC TCC ACC
CTG AGC AGC CAC
L.S. S H

CTA GTG
L Vv
CTG GGT
L G S
GCT AAC
A N
TTC TCG
F S
AGC CTT
S L
ATG GAT
M D R

CCC<§§>TGG
cC/ W

P

GTA GCC ATG CCC
vV A M P
TTA CTG GGG GAG
L L G E
CTG ATG TTG AAC
L M L N
ATG CGG CAA AAA
M R Q K
CAA ATC ACA GAC
Q I T D
CGA AAC ACT GAA
R N T E

GAG ACC AAG GGA
E T K G
GAG AGC CTG ACG
E S L T
AAC TAC AGA GCA
N Y R A
GGA CAG GGC ATT
G Q G I
CGA AAG ATG AAC
R K M N
CTT GAC ATG CTG
L D M L

GAA GAT GCC ATG ATG
E D A M M
GAC CGA GCC ATG CTT
D R A M L
GAC GAC GGA AAC CCT
D D G N P
CGT GGG CTG AGT CCA
R G L S P
CAG TCC CCG GGC GAA
Q S P G E

CGC @ ATG ATA GGC
C

R M T G

GAG CAG GAC AGC
E Q D S
CCA TCA GCG TAT
P S A Y
AAC GTT CTA ATT
N V L I
GGT TTT ACC CGA
G F T R
TAT AGT CTG AAA
Yy S L K
AGA GTT TAC CGA
R V Y R

GGA ACC TCC AAC
G T S N

GTT TAG ATC

B 1

TGA ACG CAT CAT
*

CAA AAA TCC AAT ACC

TTA TTG TTG TGT

TTT TTA TIC ATT TIC CTT GTA CAA ACA AAC AAT TGT GCA CAG AAC ATA AAA
CAA [AAT AMA AAA TGT ATT TAA TCG TAA AAA AAA AAA AAA AAA AAA AAA AAA AAA

T 5 pMCH1 Il pMCH2 FEIH Y cDNA Fp 81 S HC A G 1) 2 56 1 P 51
Nucleotides and deduced amino acid sequences of pMCH1 and pMCH2 cDNA of C. semilaevis

60

20
120

40
180

60
240

80
300
100
360
120
420
140
480
147
540
594

HEZR I MR KT S, S4B 0 MCH MGAJIKF S, 3°-UTR i AATAA J¥ 51 LU HERRTE
LA F(TGA) AR S HRUE, 15 Fl 3 3 Ay 2 i — B B 14~ e 2 R ke ik
Signal peptide was indicated by a broken underline; the mature peptide of MCH was indicated by an underline; the nucleotides
corresponding to the polyadenylation signal in the 3 -untranslated region (AATAA) were marked with box; the asterisk indicated

2.2

SERFIIEEED T

LV MCH A LR F 5 S8 H . 6 H
2k MCH WRIERF MM LE RN 57.3%-
66.9%. HH, pMCH1 577 6F | S5 B R 6 | 258718

the stop codon (TGA); the cysteine residues to form disulfide linkage were circled

A £ 45 FLAT B 1 24 S TR AR AL BE (58.4%-66.9%)

SR AL N 37.3%, 15 LIS AR L
W2 30% LT 3 pMCH2 LR ) B IE TR T 5145 46 B
il . BEYTEE | S BERNAR [T S 0l 68 (Neolamprologus



1 KT AE: 247 B3 (Cynoglossus semilaevis) S (0 2 & I K K AY i B R R 3k 85

brichardi) B AT m AL (56.0%—61.3%), 5IHFL3)
Y AL BE BEAR B 25% LA R, 1B 5 K B (Rattus
norvegicus) ¥ R RMERN X 53.7%(F% 2). MCH 2 A4~
V. ) S FEFR AR B EE A Ry 22.3%, {H H ALK E 51
FELRSF, C i X AR LA PR <F I RR 2400, HAP
B 2 MESE AR EER

23 REHLSH

VR pMCHL Fl pMCH2 WAy 54E T 2 4
ANE L . pMCH1 S5HUE H | #81F B f65E
H 20 pMCH1 AL F I8 1 ANy 32, IS5 Hof fa 2k
1) pMCH1 A% 1 KR53 325 1 pMCH2 W 588 H
fili e B 200 pMCH2 41 1 4~/ 3, IF HA5 HiAl
) pMCH2 V) 225 WELEAAM MCH 40
1 RIS (K 3)., 268 MCH 1) 2 AN K3k 4k 401k
B[] 1T B LA AR

2.4 MCH mRNA BJ4E 28 32 5% 43514
MCH1 1 MCH2 #fETARF A FRA . 7

A, MCH1 mRNA FEfy . A RO R . PERR . BELAE |
JHF R0 7 v s 320 4 ey R 3k, i T R SRR Bz ik . TG
AR IE 7 B2 JB L GO IE L Sk BRI b ek B Ik, LA
FRORAG I 3 $235 5 MCH2 mRNA 7K . A3 HR A Kz Jik
T HR AN TE 5 Rz B | e i AR R 0 ) e 3, TG
MR RAE R B . BRAE . B, B . ORERSK A A a
FKik, HIRMEZ LTS MCH1 mRNA £ikBESHTI
L0 28 A Jz FER RN G R T 8% Bz Bk, G HIR ) 224k Bz ik
MCH1 mRNA &35 I 35 55 T JCHR M 1E 5 52 jk 5 A AR
B AT TCHR AN 1E 5 B2 kb MCH2 mRNA ik B E5
TICHRA A AL K2 Ik (] 4).

25 MCHmRNA RIZE5XIRMELZENXR

RGEI T I IR0 2 A [) A 2 9 7 5 i o
Mk MCH mRNA M FREEH(E 5). MCHI
mRNA 7 fii 1140 Rk v 32 30 2R R 2k AR fk
B, HBIE 10%BALH Rk ik e 8, M) bEE Bk

FEPE A3 B B A . X MCH2 Wi, JCHRMIE
ﬁ@%ﬂiﬁﬂﬁ{ﬁlﬂ 50% 2 Ak £ (1% i 30 44 o 70 2L A B

®3 FEEHMCHSEBRFISHMEHENDIBUELR

Tab.3 Homology comparison of the precursor peptide sequences of MCH genes between C. semilaevis and other vertebrates

[{]JFYE Homology (%)

PFh Species J#%%5 GenBank Accession No.
pMCH1 pMCH2

FW T C. semilaevis.-1 XP_008322511.1 100 22.3
LW EBE C. semilaevis-2 XM_008315412.1 223 100

FHE P olivaceus-1 ABY73341.1 66.9 21.1
FF P olivaceus-2 AAF67166.1 27.6 56.0
S BEEME V. moseri-1 BAC82350.1 66.2 21.1
SKBERBE V. moseri-2 BAO58688.1 25.8 59.3
FEINEE P americanus-1 AEE36642.1 37.3 12.2
SEWIUBE P americanus-2 AEE36640.1 23.8 53.3
0 RH S H N. brichardi-1 XP_006803543.1 59.1 23.1
T [CE R N. brichardi-2 XP_006780942.1 24.0 57.3
BRI P stellatus-1 AHB33367 61.8 23.1
BB P stellatus-2 AHB33368.1 27.2 61.3
Bkl O. niloticus-1 XP_003440133.1 58.4 21.1
WA O. niloticus-2 XP_005475951.1 24.1 53.1
WLt Poecilia reticulate-1 XP _008422825.1 55.5 23.8
WLt P reticulate-2 XP_008399128.1 25.7 40.1
LTHER T Tukifugu rubripes-1 XP_003965152.1 50.0 24.5
A EEZR Tt T rubripes-2 XP_003972798.1 25.2 44.2
KI5t O. keta-1 P17640.1 42.9 27.2
K5 O. keta-2 P69156.1 422 25.5
BELyta D. rerio NP_001189471.1 25.7 232
KB Rattus norvegicus AAA41580.1 23.6 53.7
X Gallus gallus ADL61813.1 18.8 21.1
B Sphyrna lewini BAMG63324.1 37.3 24.8
N Homo sapiens AAA63214.1 23.0 21.8
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NB2 ————MISVYSVFLTLLLFTELSSHSVTVAMPATNAEDGTTEEDGLGL ILGDESISEPAVIPPVFR————— QRRIRDEDGNP- TIIISDARLKGHSVRGLNPAFTRS——————————————
ON2 ————MISVYSVFLTLLLFTELSSHSVTVAMPATNAEGGITEEDGLGL ILGDESISEPAVIPPVFR————-] RRRIRDEDGNP-TIIISDARLKGHSVRGLNPAFTRS——

PS2 ————MISVSSVVFTLVLFSELNSPLVTVASPTTKGEDGVIEQDGLSSFLGDEPMMEQAMVPPVYRGSLMLDNS IRDEEGNPKIFILSDMRQKGHGTRGLNSGLTRS—— —
PA2 ———-MISFSSIVFTLVLFSELNSPLVTVASPTTKGEDGVIDQDGLSSFLGDEPMMEQAMVPPVYRGSLLLDNS IRDEAGNPKIFILSDMRQKGHGTQGLNSGLTRN-—— -
VM2 ———-MISVSSVLFTLVLFSELNSPLVTVASPTTKVEDGVIEQDGLSSFLGDEPMIEQAMVPPVYRGSLMLDNS IRDEDGNPKIFIISDMRQKGHRIRGLNSVLTRS——— -
P02 ————MVSAYSILFTLVLFSELNSHLLTVASPATKVEDGEIEQDGLSSLLGDDP INEHAMVPPAYRGRLMLDNS IRDEDGNRKI11ISDMRQRGRGTRGLNSVLTRS——— —
CS2 ————MISVSSVLITLVLSSVLSSHLVVVAMPETKGEDAMMEQDSLGS LLGEESLTDRAMLPSAYANGLMLNN-YRADDGNPNVLIFSDMRQKGQGIRGLSPGFTRS—— —
TR2 ———-MISASSFLYTLVLFSGLSSRSVTVAMPAAKIED————- EGLGLLLGDE———-PAVVPPVYRR--MDVQGSSPRDGRSKIIVVSDPRLKG-—FHGQSPAFLRS——— —
pPR2 ] MSFYSLLFSLMLFSEMNSHLVTVAIPSTTVEDGAAEQEGLDTFLADDDVTEHAAVPLMYRR———————SLTNDATSKIIVISDMNLEGQRIRGLK-——-RR-—— —
DR ————MASSYIIIFALALFVELTTR—SMALPKFKMDEEHTDQERMVSV TGEDDISELGPGQLPFRRHPIIEGRLVDEDGTKRIFILADTGIKGG——REGNLAFSRT——— -
PS1 ——-MRQSCVSIVFAAALIFKCYVLSGALPMG—-KAEDGSLEQETFAS ———-——TENGFSDADLAGEEKLSGPRVIVVA-DPSVWRDLRVLHNGLSLYKRRADLSD———————————————
PA1 ———MRQSCLSIVFAAALIFKCCDLSGALPMG—KAEDGSLEQETFASLLSDKATENDFSDADLAAEEKLSGPRVIVVA-DPSVWKS—RTLDN: SR
VM1 ———MRQSFVSIVFAAALIFKGY ILSGALPMA—KTEDGSLEQETFASLMSDKATENSFSDADLGAEEKLSGPRVIVVA- DPGLWRDLRVLHNGLSLYKRRADHSE———————————————
PO1 ———MRQSFMSIIFAAALLFKCYVLSGALPMA—RTEDGSLEQETLASRLSDKATENSLSDADLGTEEKLSGPRIIVVA-DPSMWRDLRVLHSGLSLYKRRADHSG———— —
CS1 ———MRPSLLSVIFAVSLIFKCYVLSGALPMMT-KDDDNALDQETFAS LLSDKATENGLADGDLGADLKARGSKIIVVA-SPNLLRDLRVLNGGMSLYKRRADN-————— -
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ON1 ———MRQSRLSIIFAAALFFKCYALTVALPMA—KAEDGSLEQDAFTSLLNDEATEKSLGDAELSSTTKSRAPRVIVIAADANLWRDLRVVHNGLPLYKRRVDENN-———— -
PR1 ———MRRSLLSFTFAAALFLNC———-KATIPMG—-KTEXGSLEQEVFTS ILNDEAMEGGL---DLGEAARARAPKVIVIAADPT IWRDLRVLQNGMSVYKRRADDSN———- —
TR1 ———MRQSITAVIFAAAFLFECYSMSAALPMG—KAEDNSLEQEAFSSLLSEEGLESALDEADLAGASKPRGQRVIVVA-GPSLWRT———LHNG——LYQKRSGSSN-——— —
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0T2 ———MRDSVLSVIFALALFLECYTPSMAIPMG——KMEDTALEQDTLDS LLNEEVADKNP—————- DSVRSGSSKIIVLA-DSGMWKN-——LNRGLPLYKLKAAAAGL——————————————
RAT MAKMSLSSYMLMLAFSLFSHGILLSASKSIRNVED-DIVFNTFRMGK AFQKEDTAERSVVAPSLEGYKNDESGFMKDDDDKTTK-—NTGSKQNLVTHGLPLSLAVK—PYLALKGPAVFP
Homo MAKMNLSSY ILILTFSLFSQGILLSASKSIRNLDD-DMVFNTFRLGKGFQKEDTAEKSVIAPSLEQYKNDESSFMNEEENKVSK--NTGSKHNFLNHGLPLNLAIK—PYLALKGSVAFP
Gallus ——MYISSYMLIL—SLFSQGFLISVSKSLQKAEDEDMLLTAFNLGKT LRNGDGTEKRGAMPLLKRYKIEES-FLDEDDDRKLKFFDTDSRHDFSNHGVPISVGRKQLPYLALKGATAFP
SL ———MFISVHSAFFIFVLFSAEFSISSAVGQLEIKVPQNDFNQEMLAS ISLPEQLKPSGSIKHHQGLQLDKGLDFKMDPKILQHSFLSASQRLFKHPSTLNKPMKEP—LYF SAKRTDASQ
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NB2 ———————LPLHADRSLSHTPAEYS VKIDRR————-———-DTDLDMLRCMIGRVYRPCWEA-———
ON2 —LPLLADRSLSYTPAEYS-VKIDRR——— ——DTDLDMLRCMIGRVYRPCWEA————
PS2 —LPLLADHKMSRAPAEYS-FKMDRR——— ——DTDFNMLRCMIGRVYRPCWGSSNAN
PA2 —LPLLADHKSSRALAEYS-FKMGRR—— ——DTDFNLLRCMIGRVYRPCWDSSDPN
VM2 —LPLLADHKLSRAPAEFS-FKMDRR—— ——DTDFNMLRCMIGRVYRPCWESSNGT
P02 —LPLLADQKLSRAPAEYS-FKIDRR——— ——DTDFNMLRCMIGRVYRPCWESSNIP
CS2 —LPQITDRKMNQSPGEYS-LKMDRR——— ——NTELDMLRCMIGRVYRPCWGTSN—
TR2 —PHLLTDQN-—-VPTEDG-LTLERR— NADLDILRCMVGRVYRPCWEVEV——
PR2 —HPLVAERSLDRTPDEFT-LKINKR——— ——EKDLDMLRCMIGRVYRPCWEA————
DR —FSELLPHGLEHALDGFS—-TMDEQRNVEDVIPVGRRDIDMLRCMVGRVYRPCWQA———
pst. QAAQHKDASQGVN-—IPILRR—————————————-DNMRCMVGRVYRPCWEV————
PA1
we QVTQHKDASQGVN——IPILRR————————————-DNMRCMVGRVYRPCWEV————
PO1 - ——QVIEHKDASQDVN——IPILRR—— ———DNMRCMVGRVYRPCWEV———
CS1 - ——QVSTASDTNQDMD—IPILRR—— ———DNMRCMVGRVYRPCWEV———
NB1 - ——QVVEHKDVGQDLT—IPIHRR—— ———DTMRCMVGRVYRPCWEV————
ON1 - ——QVVEHKDVGQDLT——IPILRR—— ———DTMRCMVGRVYRPCWEV———
PR1 - ——QVGEHGDGGQQLS—IPILRR—— ———DNMRCMVGRVYRPCWEV———
TR1 - ———QATAHTDAIQELS—IPILRR—— ———DAMKCMVGRVYRPCWEV———
0T1 — —DRALTLDRQEAGQDLSPSISIVRR——— ———DTMRCMVGRVYRPCWEV———
orz -] DRALTLDRREADQDLSPSISIVRR—— ———DTMRCMVGRVYRPCWEV———
RAT AENGVQNTESTQEKREIGDEENSAKFPIGRR—— —DFDMLRCMLGRVYRPCWQV———
Homo AENGVQNTESTQEKREIGDEENSAKFPIGRR—— ——DFDMLRCMLGRVYRPCWQV———
Gallus ADTEIQNIESVQE-RETVEEENSAKFPIGRR—— ——DFDMLRCMLGRVYRPCWQV———
SL ESNQLEQLAMTDVHRVTNDGENGAVLPVGRR———————————DFDMLRCMLGRVYRPCWQN————
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Fig.2 Comparison of the amino acid sequences of C. semilaevis MCH gene and other vertebrates
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Fig.3 NIJ phylogenetic tree based on the MCH amino acid sequences
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Fig.4 Spatial expression pattern of MCH mRNA in C. semilaevis
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P: Pituitary; B: Brain; ES: Eye-side skin; BHS: Blind-side skin with hypermelanosis; BWS: Normal blind-side white skin; SP:
Spleen; L: Liver; I: Intestine; ST: Stomach; H: Heart; K: Kidney; HK: Head kidney; GO: Gonad; GI: Gill; M: Muscle. Bars with

different letters differed significantly (P<0.05), the same as below



88 ook B

38 %

JiFE/& Hypophysis cerebri
c

—_ —
[=) \S]
T —T

S 2 2
» o >
. T

o
)
T

MCH1 mRNA M3k
Relative expression of MCH1 mRNA
[

0 10 50 80

TR R AR
Pigmentation degree on the blind side/%

r JRiFEA Hypophysis cerebri
d

—_
(=]

<
o0

MCH2 mRNA Hix%tFRiA R
Relative expression of MCH2 mRNA
)
=)

04
02
0
0 10 50 80
TCHRAU AR B

Pigmentation degree on the blind side/%

e oo o =2 =
M o8 o o N

MCHI1 mRNA %k &
Relative expression of MCH1 mRNA
o

0 10 50 80
TCHR AR B

Pigmentation degree on the blind side/%

KBk Skin ¢

—_
=]

b

<
o0

< .
'S

MCH2 mRNA HIXtFikE
Relative expression of MCH2 mRNA
(=]
[=))

02
0
0 10 50 80
TCHRAU R AHR B

Pigmentation degree on the blind side/%

K5 P MCH mRNA 3k 5 TCIR M B AL BE 1 0C 5=

Fig.5 The relationship between expression levels of MCH mRNA and pigmentation degree on the blind side of C. semilaevis
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Cloning and Expression of M elanin-Concentrating Hormonein
Half-Smooth Tongue Sole (Cynoglossus semilaevis)

XU Yongjiang'?, ZHU Xuewu'?, LIU Xuezhou'?", SHI Xueying'”,
SHI Bao'?, WANG Bin'?, LI Bin'"

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture; Qingdao Key Laboratory for Marine
Fish Breeding and Biotechnology, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao
266071; 2. Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National Laboratory for
Marine Science and Technology, Qingdao 266071; 3. College of Fisheries and Life Science,

Shanghai Ocean University, Shanghai  201306)

Abstract Hypermelanosis is an abnormal coloration that commonly occurs on the blind-side of
half-smooth tongue sole Cynoglossus semilaevis in captivity, resulting in deterioration in flesh quality and
reduced market price. This problem has become the bottleneck for sustainable development of flatfish
farming industry. Melanin-concentrating hormone (MCH) is produced in pituitary acting as an inhibitor for
hypermelanosis in fish. The present study aims to identify the role of MCH in regulating the blind-side
hypermelanosis in C. semilaevis. cDNAs encoding two MCH alleles (pMCH1 and pMCH?2) were cloned
using RACE method and their structures were analyzed. The spatial and temporal expression patterns of
MCH mRNA were measured using the quantitative real-time PCR. Results showed that C. semilaevis
pMCH]1 cDNA sequence was 476 bp in length and encoded 134 amino acids, which shares high identity
(66.9%) with Paralichthys olivaceus. C. semilaevis pMCH1 was clustered with the Pleuronectiformes,
Tetraodontiformes and Perciformes species based on the phylogenetic analysis. By contrast, C. semilaevis
pMCH?2 cDNA sequence was 626 bp in length and encoded 147 amino acids. The transcript levels of both
MCHI1 and MCH?2 had the highest expression level in pituitary compared to other tissues. MCH1 mRNA
was also detected among other tissues. Furthermore, MCH2 mRNA was highly expressed in the brain,
eye-side skin, blind-side skin, gonad and gill, whereas the peripheral tissue had relatively low expression
level. Correlating the MCH mRNA expression levels and the degree of the blind-side hypermelanosis
showed that, MCH1 mRNA expression levels in the pituitary and skin had similar trends, which peaked
when fish had about 10% blind-side hyperpigmentation, and then significantly reduced as the blind-side
hypermelanosis level increased. For fish with normal blind-side coloration and 50% blind-side
hyperpigmentation, their pituitary MCH2 mRNA levels were significantly higher than those from fish
with 10% and 80% blind-side hyperpigmentation. The skin MCH2 mRNA level significantly increased
with the increased hyperpigmentation degree on the blind-side of fish. The present study provides new
insights into the mechanisms underlying the regulation of blind-side hypermelanosis in C. semilaevis.

Key words Cynoglossus semilaevis; Melanin-concentrating hormone; Hypermelanosis on the
blind-side; Expression regulation
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