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4. HEEWIKFMFHAY HER 276805)

BE VAR KELAESELRMNBANBEFEE, AARMAE AR TR REC R
M. EERABIT R ARSI, WRY 3 e mAER RN LK., TIRMIEF mE/LK
Jik Y BE AT AE . M HE— B BT IR B A iy FALE], KT F 78 E 4 POMC 3 B cDNA
Fhle #REF, BRZFAMRK, 22 MR ENEZITR, AR RSB B A0 R K4
RARBE; BERABRRDN, 6ECRHN,; a¥aia/), 2852 F88, ¥BEH POMC
L E 8 cDNA 771K 910 bp, #4F —A 114 bp By 5'FEB1EF X Ffi—/> 154 bp By 3'FEBFX, F#H A
BAEKE H 642 bp, 4 213 MEEF, €4 ACTH, o-MSH, B-MSH. y-LPH. B-WHEfk 5 /™
LZIKFH], Bk y-MSH fo kK H i3 K, F78F % POMC X F & 28 77| 5 H b K89 F R
M H 30%—64%, & PCR 247 & 7, POMC mRNA F EA TR b kik, Hk M. AT RN
BN E Ik, EHEGEBME RPN EREAERD R, TRME ALK+ POMC mRNA £# E& 5,
It 5 A IR AU & Bk Fn TR I X Bk 8 POMC mRNA %k B2 % B %, 577 POMC kit 5 &
AR 2 AR B4 R
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195 F i (Cynoglossus  semilaevis) 3= % 43 A 75
(R F A, 1993), SR E M T3
BRI SOREAE, 1988; HBIC5%, 2014; TGS,
2014), AR, P E BRI S REANEI N, ©IF
BB AL FR 58 (W22 5 25, 2014), {HJE, 1EFR%EE ™
A SR B f A7 AR L A G AR S A B 5, R
Ry JEL TET R 53 (20%—50%) 7 i B € 3 B (32 2t LA
MR . sk e R aR, Rk
FeR IR 60%-90%, FUHAZI T F S i s

TR ARG B 7l A& S — I AR =

] PN A7 2 3 gl 7 i G 6 2 1 I R A R AR R 5 K
ATRELEHI T T 2oy, TEEPEORAM
(Shikano et al, 2007; Isojima et al, 2013), k[ £
i) (Kang et al, 2012), Djfg &K 45 (Kobayashi et al,
2009; Takahashi et al, 2005, 2009; Yoshikawa et al,
2013)55 7, (HBALIE ey HARDLHI M AR T 7
R M5 Ty, B A= X B (Paralichthys
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YU A S oy A e B T TS, IR R T
FC 5 JC R 28 Ak AR (% OC & (Shikano et al, 2007;
Isojima et al, 2013), fE4-FHLHIBIF Ty, FlILeik
AH 5 T BE H [l —— Pl 22 j7 2 JF (Proopiomelanocortin,
POMC) K Ho g i i 22 fk—— R A R 5 2R (MCH) |
B Z R (MSH) SOLAZ R, XA ST TEHR )
SR A o R Y A B ) B8 e R REHIL I A 5 T RS
T —¥e B (Kang et al, 2012, 2013; Mizusawa et al,
2011), POMC JEZ AR DIREMN 2 IR E A
HiA, AT KA R b BR R BT 3 (Adrenocorticotropic
hormone, ACTH) ., lg i B B0 3 (Lipotropic hormone,
LPH) Il B- P9 ME K (B-endorphin)4F £ Fh A [R] 3h e 1 £
KRG, 2001), Ho ACTH AT A: ol SR 40 i 5 2 o]
% % (Melanocyte stimulating hormone, MSH) A &z 2%
PR b R BT 3R AR it Ik (CLIP frBY), ifif MSH &
BRI AREERANEREZKZ —, CATFRE
W], POMC 7E sl R ARy . 40 fdAa i .
BB R LR B S 2R TfE(Arends et al, 1998,
Pritchard et al, 2002), KT 4F S BA 1 S0k 6 42
HLH B 58 B9 #4052 — . Kang 55 (2012)WF 58 & B,
POMC W HEZ 5405 1 oy %5 FE T ARG PR 75 i 97 4
F P TCHR AN DAL & AR i It AR o RIS, X AR B A 5 )
FEALK I POMC K HAT A= £ Ik MSH #8254 R 411 il
AT 2 AR DA AR 15 & O R B AL i s B YT, 3R
HH L5 TCHR M) & AL A #2153 (Kobayashi et al, 2009;
Takahashi et al, 2005, 2009; Yoshikawa et al, 2013),

ARG IR T 5 B > T 5 S ) G IR ) 28 Ak [ T
TSR T AR 2R A M A | o3 A8 S 5 JC R i) 5
R, R sakeE TR EA DI RESRER POMC Jf:
AT T IR R RS TEIR M R e R, DUIAE
AN o3 7K T TR R B 2 8 TG HR ) R A Y
Bt

1 #MREFEZE
1.1 SRIRHER B

RIS 0 85 10 B T 2013 4F 8 Al ILAE
B IR, IR 4K 25-35 cm, K 250-350 g
R A1 T R A0 2 AR 2L, 3 ) BBORE I HI A 1 5 0 I R A
BALRYFRGE (R 1), SEEff DL MS-222 (280 mg/L)JFk
PRSAE S , BUREAT AR ANl 3 R R Bk . JIC HIR A 1 &5 1 2
PO I 5 Fr AR K, T R AR5 P o
B RERE. OBE. B B, MLE L SKE L AR .
5 LR . A HR A IE E R ik . JCHR AN AL R Bk . TEHR
M IE# Bz IR B, Ja % A—80° ClB AR vk
FEARAT, FHT A RNA AOHEHL,

12 BREREBVNMBESHHFESHT

B v S5 AT MR . JCHR 24 | JCHR AN IE H )
% sl R, H RO IE IR Im T o WURAE A
BAURTER —F1m L, P8 A B AR 7K (0.85%) R fift
& 3-5 min, A4 T K, B PR R L
ETHEY o BT R 8 IE 37 B 5 (NIKON
801) X% (i Z AN M AT 0L . & Aid 5%, A CCD
RO E Re AU AR R G A TH0 IR g R A R AR m e
8—10 1>,

TE 40 f5W 5 NIc SR AE S ILEF T & RPN [R] 8 0
KM g, MEEARMER 30 MLEF T 40047
Mr, SEEG2E SRR ) MeantSD. FJ ] SPSS 17.0 41
F I HR A0 R0 A MR A0 pg JER: B 6% 1 1 0 2R 4 i o
T )7 23T (ANOVA), WEZE R BEKF P
4 0.05, 24 P<0.05 B} FREFHE,

1.3 POMC RER RiL4FHES

1.3.1 ¥ RNA #Ife cDNA % —4& 4% I
RNAiso Plus (TaKaRa)i il € 4% M5 A 150 BH 4l $2 4%

P JEHRNIEH (76)45 TR AL (A ) Y 2F 3 75 B

Normal coloration (left) and hypermelanosis (right) on the blind side of C. semilaevis

Fig.1
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HZUE RNA, 8 1%30 IR EE IS KR I RNA /Y
Jit &, Nanodrop2000(Thermo)illl & RNA ¥ & . LU
PrimeScript™ I 1st strand cDNA Synthesis Kit(5:4E4),
i) A i cDNA 5—8E, T-20CHE7& .
1.3.2 POMC A B ¥ ia K & ¥ g PR cDNA
KRR, R RS 1E 514 POMC-F 1 POMC-R(G 1),
it RT-PCR " #4511 5 iy POMC P a9 [a]
J B PCRYBIA R g 25 ul, W 55140 94°C S min,
94°C 30 s, 53°C 30 s, 72°C 50 s 34 MEH, &
72°CHEMH 10 min, PCR =4 1%Z I HHEE L fL ¥k 5>
BJE, VIR, gifh )5 % 891 Ak %= Trans1-T1 Jg&&
ZAYM, LB BARKEFRIE 37 CHE i, PREHPE
TE R FE L AR A wH T
1.3.3 POMC # RACE ¥ % MR 475 21 1 e
Bti%it RACE 5% POMC-GSP5, POMC-GSP3 .,
POMC-NGSP5 1 POMC-NGSP3(# 1), LIFE{A RNA
FFEAR, HHE Clontech SMARTer™ RACE cDNA
Amplification Kit Jz §% 5% 7| & (TaKaRa) i 5 /E Ut
B, &RUHT 5'-RACE % 3'-RACE 155 —4% cDNA,
5'-RACE }% 3'-RACE: # Smart RACE Advantage
2 100 & (Clontech) BEAE UL 4T PCR U3, 55 1 1K
PCR 43514 1514 POMC-GSP5 #l POMC-GSP3,PCR
%M. 94°C 30s; 65°C 30s, 134G, Tm & ME
FRFEA 0.5°C, 72°CHEM# 1 min; #RJ5 94°C 30s, 58°C
30s. 72°C 60s, 28 MEH, fefi 72°CHEMH 4 min,
PL%E 1 W PCR =¥ -Aitk, srulfdi 54
POMC-NGSP5 #l POMC-NGSP3 #4715, PCR, PCR
ZFR %5 1 Y PCR, U 5 ul PCR P2H1'E T 1%5 5 b

®1 POMCmEESEERNKSIHY
Tab.1 Primers used for POMC amplification and qPCR
analysis for C. semilaevis

5149 Primer 5| #) ¥ %1 Nucleotide sequence (5'-3")
POMC-F ATGTGTCCTGTGTGGCTATTGGTG
POMC-R GAAGCCGCCGTAGCGTTTG
UPM-long CTAATACGACTCACTATAGGGCAAGCA

GTGGTATCAACGCAGAGT
UPM-short CTAATACGACTCACTATAGGGC
NUP AAGCAGTGGTATCAACGCAGAGT
POMC-GSP5 CTGCTGTCCGTCTTTGTTGATG
POMC-GSP3 GTCAGTGCTGGGAGCATCCG
POMC-NGSP5 TTTGCTGGCGGGCGGACC
POMC-NGSP3 AAAACGTCGCCCGGTCAAAG
SPOMC-DF3 TACATGGGAGCAGAAGAGGAA
SPOMC-DR3 AGCCACCAATAGCCACAGAG
Sole-18S F CCTGAGAAACGGCTACCACATC
Sole-18S R CCAATTACAGGGCCTCGAAAG

BERZ PRI S, A H B S AT e A |
Fedl . BRI IR ik PR ST R ) o

1.4 POMC Fix4H

Kl 7 3 R SR . AR 6RO SKE
B B B . PR LR AR R . TE
AR ) PR AL 7 k. G R IE 5 R Ik S 4 21 POMC
mRNA 1 EHE . L 18S rRNA 4 NS LK B
A XE 55 |4 Sole-18S F #l1 Sole-18S R, #| | Mastercycler
ep realplex real-time PCR {¥(Eppendorf), f#i§ SYBR
Premix Ex Taq™ II (TaKaRa)itk & 2¢ Yo 1% #E 4T 52 ) 8
I PCR ¥ 145 . PCR WA F : 2xSYBR® Premix Ex
Tagq™ 10 pl, 314 SPOMC-DF3 . SPOMC-DR3 (10 pmol/L)
£ 1.0 ul, B4R cDNA 2.0 pl, /il ddH,O % 20 pl; PCR
%M. 95°C 30s. 95C 5s. 58°C 28s, 40 MMEH,
SHS R FE S Ct (HHEf T8 — kAR B, Ji 7 2784
Z:(Livak et al, 2001)#fi & #4121+ POMC mRNA [
HIX ik At .

15 XE¥EBRZESH

I F DNAstar(JA< 5.0.1) 43 B2} & 8 POMC (1
PR gy, PO oyt SR R A LR A A s (R
55K M ] SignalP 4.1 (http://www.cbs.dtu.dk/
services/SignalP/); Z FLWR ¥ 41 L%t F1 5 G2 ik Ak 43 Bt
{#i FH ClustalX 2.0.12 (http://www.clustal.org/download/
current/) il MEGA 5.1(http://www.megasoftware.net/
mega51.html). ARG EEH] MEGA 5.0 # 4t
1 Neighbor-joining & (H B A 1000), ¥ 65
POMC ] P8 1 Lo 45 5 1 A A g 2 08 110 1) ) o B G
GenBank U5 L& 2,

2 R

21 ¥ EESARERNRBSSTHEFE

W R (B AN IS E AT 3 F . AR
il BRI ANTR AN, R E R, 41
FAE 10-60 pm, FHITEARAFN, KA R FFpSE
B —Fh R SOIR AN IA S5 55— A e B IR
wORMMEN, BIESMETE, 4052 1-5 um,
PP R, K REE—E, ZER— R .
W AR, A AR 10-70 um, A% s),
T SRR ER, RROBEG, R, Loy
R . BelRok 2%, 5oh, BAFLESGEMN
L, BT —Fh R 3, H S Hofh— s
o R EFRL(A 2)
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Tab.2  Species used for amino acid homology and phylogenetic analysis for POMC of C. semilaevis

¥4 Species RS Accession number 4r2& Category
35 85 C. semilaevis KJ748570 ffE A4, 9% B Osteichthyes, Pleuronectiformes
ZF8F Paralichthys olivaceus AAG16978 il &2, #JZ H Osteichthyes, Pleuronectiformes
FENNN/R 8 Solea senegalensis CCA65461 gy . I H Osteichthyes, Pleuronectiformes
1 Bt Epinephelus coioides AAO11696 TEE . %% H Osteichthyes, Perciformes
% 4E# Oreochromis mosambicus AADA41261 ffiE 4. #9F H Osteichthyes, Perciformes
T % Oncorhynchus mykiss NP_001118190 fifiE gy . #:I H Osteichthyes, Salmoniformes
{1 Cyprinus carpio QI9YGKS g, #1F H Chondrichthyes, Cypriniformes
FH#3 Acipenser transmontanus JC5283 WE M, #E H Chondrichthyes, Acipenseriforms
¥ Lepisosteus osseus AAB03227 W tag . 4645 H Chondrichthyes, Lepisosteiformes
JEYI At £ Protopterus annectens BAA32607 g, Chondrichthyes, Lepido sireniformes
F B4 % Squalus acanthias BAA32606 ff % H Squaliformes
T Dasyatis akajei BAA35126 FfLA H Hypotremata
JEVITUHE Xenopus laevis NP_001080838 Wi 44 Amphibia
% Gallus gallus NP_001026269 5,48 Aves
£ Homo sapiens NP_000726 I #L40 Mammalia

- D |
2l R T A AR

Fig.2 The morphology of chromatophores on the skin of C. semilaevis

1. JCHRA SR AL BT 1 B9 (R A0 = 4005 2. A7 HRANIE BTk 1 9 0 3R 41 <4005
3. JCHRONIE & &% A b AT A0 <2005 4. A7 IR IE 585 v b %6 3R 40 i <200
A SPBAM R AR AR B AR R R AR C. MDA D, R
1. Chromatophores from blind-side skin with hypermelanosis x400; 2. Chromatophores from eye-side skin x400;

3. Iridophore on blind-side scale x200; 4. Chromatophores from eye-side scale X200
A. Melanophores without apparent branch; B. Melanophores with extended and radial branch; C. Guanophore; D. Xanthophore
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R4 T 2 W 5 A R I 3 R Bk JCEROWIE 5 4aA% 213 DNEIERR, 3'AIAESRASF I 154 bp, S
AL R RS AN RO A . S5 R N, BIRMIE  JEgmESFESIK 114 bp, 3RS X &4 — N EE
WO R R IR AR A A, mICRMEI R 5 ATTAAA(K 3), 4 45> 758 23.70 kDa, %
Hh AN AL Hp R € 38 A BRI 0 A R (14.322.4 AN/ HLE R 6.51,

) d I A R A A Rz bk SR €8 2R AN oy A .

(233437 IR (P<0.05). 54h, KM 2o TOMCRBERZREMIN

T SR 200 ) 45 A R (20.242.9 /0BT ), i B AIL T ik SOPMA #4434 POMC 4 25 14 1425 (1]

A RN E 5 Bz B (25.3+5.6 AN /ALEF) (P<0.05), CHRM  Z545: 78 POMC WUEH B M, o-1RE L

1EH R IR B €0 2 40 B A IR 41 i B 5 A IR 1E 30.99%, B-%%ff i 3.29%, JTCHLNIE M Y 55.40%, %E

R IR AN TG IR0 R AL B2 AR e 8 b, B A AN HBE b7 10.33%(& 4). Ifi@1d I-TASSER F4:1ii 1

5] TETCHRON A ALY B Bk B B b, DAZEMR SR 2 ) POMC B R — 2850, Wi s iR,

Eﬁé%éﬁiﬂ@ﬁ%ﬁj@jr_(ﬁ 60%LA ), TiiAE AT AR IE 24 POMC RGBS

B RRSEE A b, DI SR BN B B R A R AN

AX(TDIE I Jl Neighbor-joining J7i2:, X MEGA 5.0 #f:

P L TR0 5 8 POMC & LR 591 -5 HAt 45 #k 56

22 POMC FF3lsrHi Y)(# 2)POMC 19 R B (8 6), 458 %, K3
3T 5 POMC ZE[A ¢cDNA J¥°51(GenBank J¥41 5 « WS N IN/RE . B SRG L R L, ISR

KJ748570)4K 910 bp, FHH IRl e EEHER: 642 bp, LR B —A NS, BS54 X BN

-113 AGC AGT GGT ATC AAC GCA GAG TAC ATG GGA GCA GAA GAG GAA ACA ACA AAT TCT
-60 ACA TCA GAA TTT TAG ACC AAA AGA AGA AAA CAG AAC AAC AAG GAA GAC GTG GAC AGG AAA
1 ATG GGT CCT CTG TGG CTA TTG GTG GCT GTG GGG GTT ATG GGC GTG GCC GGA GGA GCT GCC

1 Mm ¢ P L W L L V A V G V M G V A G G A A

< {55tk Signal peptide

61  AGT CAG TGC TGG GAT CCC AGT TGT TTA CAG GCT GAC TCC AAG AGC AGT GCC ATG GGC TGT
21 s ¢ wW bp P S C L Q A D S K S S A M G C
> <

121  CTC CAC CTC TGT CTC ACC GAC CTC CAT GCT GAA ACT CCT GTC CTT CCT GGT GAC GCC CAC
41 L H L C L T D L H A E T P V L P G D A H
N e 5% Mk N« terminal peptide—————————
181  CTC CAA CCA CCC ACT CTG TCA GAC TCC ACC TCT TCC TCC GCT TCC CAG ACC AAG CGC TCC
61 L @ p P T L S D S T S S S A S Q T K R S
> {———
241  TAC TCC ATG GAG CAC TTT CGC TGG GGG AAA CCT GTT GGC CGG AAG CGC CGC CCC ATC AAA
81 Yy S Mm E H F R W GG K P V G R K R R P I K

301  GTC TAC ACA GCA AAT GGT GGG GAG AAC GAG TCA GCT GAT GTIT TTC CCA GAA GAG ATG AGA
101 v Yy T A N G G E N E S A D V F P E E M R
ACTH ('@ -MSH) >

361  AGA CGG GAA TTA GCC AAT GAG CTG CTT GTG GCG GAG GAG GAG GCA GAC AAG GAG ATG AAA
121 R R E L A N E L L VvV A E E E A D K E M K

<
421  GCA GCA GGG GAG GAG GAT GAC GAG CAT CTT TCA GAT GAA GTC CAA GAC CAA AAG GAT GCC
141 A A G E E D D E H L S D E V Q D Q K D A
¥ -LPH > pa—
481  ACT TAC AAG ATG AGA CAC TTC CGG TGG GGC GGG TTG CCT TCC AAC AAA CGC TAC GGA GGC
161 T Yy K M R H F R W GG G L P S N K R Y G G
B -MSH > (=
541  TTC ATG AAG AGC TGG GAT GAA CAT GGA CAT CAG AGG CCA CTA CTT ACA CTC CTC AAG AAC
181 F M K S W D E H G H Q R P L L T L L K N
B ~Endorphin
601 ATC ATC AAC AAG GAA GGA CAG CAG CAG AAG CGG AGT GGC CT TAG CCT TTT AAG AGA
201 I I N K E G Q Q Q K R S G =
>
661  TCT GAC TGG TCA GAG AGG GCA GCG GAA CTG TTT CCT GAA ACT GAA TGG GAG ACA AAG TTT
721  TGA TAT TAA ATG ATT TAT GTA AAT AAA TGT AAA GGA ATA AAA ATC AAT AAA CAT TTA CAA
781  GTA AAA AAA AAA AAA A

3 f3 & i POMC (1) cDNA JT 51 K HE KT 1 2 5L /R T 51 43 B

Fig.3 cDNA sequence and putative amino acid sequence of the POMC of C. semilaevis

HRIAEITT ATG MZIEES T TCGA AN MBERR; *Fn LI BT MEFS DL FRIZARE The start and stop codons
are shown by shadow and box respectively; Asterisk indicates stop codon; The putative polyadenylation signal (ATTAAA) is underlined
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100 150
R HLFREH The number of amino acids

fr s Y Y ﬁEl Ly —
Kl 4 SOPMA 14X} 2 11 i POMC 1 4% Bl 5 LTASSER Helfif POMC BB [ = 255 Hy i 40 .

ZER AR
. B ?ffg%l . . Fig.5 Tertiary structure of C. semilaevis POMC protein
Fig.4 Secondary structure of C. semilaevis POMC protein analyzed by I-TASSER software
analyzed by SOPWA software
TR ot GOTUR B TR 55, RIRGORIL
L ™ T . 4 7~ JE {4 e
m@%m%ﬂ)\Jﬁﬂﬂ, LI RN AT fi ik ' 25 EIEMESF
Blue: a-helix; Green: B-turn; Purple: Random coil;
Red: Extended strand Xof G R 3 4 [R) IR 23 B s, 3 7 ) POMC
Cynoglossus semilaevis
77 ynog
75 —— Solea senegalensis Pleuronectiformes
Paralichthys olivaceus
95
Epinephelus coioides
93 Perciformes
Oreochromis mosambicus
99
Oncorhynchus mykiss } Salmoniformes
Cyprinus carpio } Cypriniformes
Acipenser transmontanus } Acipenseriforms
83 Lepisosteus osseus } Lepisosteiformes
Dasyatis akajei } Hypotremata
100
Squalus acanthias } Squaliformes
86 Protopterus annectens } Lepido sireniformes
57 Xenopus laevis } Amphibia
. . Aves
77 Bos taurus }
Gallus gallus } Mammalia

K6 FHE i POMC 5 H ALY Bl 2 et (s

Fig.6 Phylogenetic tree of POMC gene from C. Semilaevis and other vertebrates
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2 HeRE S 2 E (Cynoglossus semilaevis) A3 (6 4 g MLE% &L POMC ik FrE o 51
TR F IR AR, Hod 5% R R P s A B R YRR 58% , 5 HAth 1 A sh ¥ iY [ IR A

N 64%, HUIEFENIRERFF6F, 0 62%, 575}

Gallus gallus
Xenopus laevis

Bos taurus
Protopterus annectens
Lepisosteus osseus

Acipenser transmontanus

Solea senegalensis
Cynoglossus semilaevis
Paralichthys olivaceus
Oreochromis mosambicus
Epinephelus coioides
Oncorhynchus mykiss
Cyprinus carpio
Squalus acanthias
Dasyatis akajei

Gallus gallus
Xenopus laevis

Bos taurus
Protopterus annectens
Lepisosteus osseus

Solea senegalensis
Cynoglossus semilaevis
Paralichthys olivaceus
Oreochromis mosambicus
Epinephelus coioides
Oncorhynchus mykiss
Cyprinus carpio
Squalus acanthias
Dasyatis akajei

—=ACTH(a-MSH)—> < y-LPH

Gallus gallus YP-NGVDEESAESYPMEFRR-EMA PDGDPF GLSEEEEEE
Xenopus laevis YP-NGVEEESAESYPMELRR-ELS———————— LELDYP———— EIDLDEDIE
Bos taurus YP-NGAEDESAQAFPLEFKR-ELTGERLEQARGPEAQAE————— SAAARAELEYG
Protopterus annectens  YP-NGMEDESAESYSPDLRR-DMP————————- MEFDYP———— EPSSEEKSE
Lepisosteus osseus YP-NGVEEESAEAYPTEMRR-DLMSDLDYP——-LLEEVE————— EEL GGENE
Acipenser transmontanus YP-NGVEEESAESYPAEIRR-DLSLKLDYP-——QGEELE—————— EVF  GGEND
Solea senegalensis YTSNGMEEESAEVFPAVMRRRELANQLLAV———AKKEEQ———-EEEEV ~ GMEAEQQQQQEEE
Cynoglossus semilaevis YTANGGENESADVFPEEMRRRELANELLVA-—-EEEADK--—-EMKAA GEEDDE
Paralichthys olivaceus YTSNAVEEESAEVFPGEMRRRELANELLAA-——AEEEEEKAQEMMEEA  GEEEEE
Oreochromis mosambicus YTSNGVAEESAEVFPEEMRRRELTNELLAE-——EGEKAQ-——-EMVEG AEEEQQ
Epinephelus coioides YTSNGVEEESAELFPGKMRRRELTSKLLAA-——KEKEKA—————— QEV  AEDEQE
Oncorhynchus mykiss YT-NGVEEESSEAFPSEMRR-ELGTDDAVY———PSLEAG———— TAEG GEAEG

Cyprinus carpio
Squalus acanthias
Dasyatis akajei

Gallus gallus
Xenopus laevis

Bos taurus
Protopterus annectens
Lepisosteus osseus

Acipenser transmontanus

Solea senegalensis
Cynoglossus semilaevis
Paralichthys olivaceus
Oreochromis mosambicus
Epinephelus coioides
Oncorhynchus mykiss
Cyprinus carpio
Squalus acanthias
Dasyatis akajei

30%

—47%(Kl 7)-

O {55k Signal peptide A

N- 3 2 ik

—————— MRGALCH-SLPVVLGLLLCHPTTASGPCWENSKCQDLATEAGVLACAKACRAELSAEAPVYPGNGHLQPLSESIRKYV
—————— MFRPLWG-CFLAILGICIFHIGEVQSQCWESSRCADLSSEDGVLECIKACKTDLSAESPVFPGNGHLQPLSESIRKYV
—————— MPRLCSSRSGALLLALLLQASMEVRGWCLESSQCQDLTTESNLLACIRACKPDLSAETPVEPGNGDEQPLTENPRKYV
—————— MLKPVWR-HLFVLSTVLMIYGTGVHSQCWETSKCRDLSTESNLLECIKSCKSDLSAESPVYPGNGHMQPLSEDIRKYM
—————— MLRSVW-—VYSLGLAVLL-QQSGREQCWEHSQCRDLSSEENILECIQACNSDLTAESPIFPGNGHLQPPSEADRNYA
—————— MLHPVWGCVVAVMGVLWFY-SSGVQSQCWEHSQCRDLASEANILECIQACKVDLSAESPLFPGNGHLQPTSEDIQNYV
——————— MCPVWLLVAVVVVGG———ARGAVSQCWEHPSCQEAESESSMMECFQLCRDDLTAETPVAPGHAHLQPPSLSDS——
——————— MGPLWLLVAVGVMGV————-AGGAASQCWD-PSCLQADSKSSAMGCLHLCLTDLHAETPVLPGDAHLQPPTLSDST—
——————— MCPVWLLVAVVVVGV———ARGANSQCWEHPSCVEVKDESSMMECIQLCHSDLTGETP I TPGRAHLQPPSLSDSSPF
——————— MCPVWLFVALVVVGG———AREAVSQCWEHPSCQELSSESNMMECIQLCHSDLTAETPVIPGNAHLQPAVPSDAS—
——————— MCPAWLLVAVAVVGV————-VRGAVSQCWEHPSCQDVKSEGSMMECIQLCRSDLTAETPVIPGDNHLQPVPPSDLDSL
—————— MLCPAWLL—-AVAVVGV————VRGVKGQCWENPRCHDLSSENNLLECIQLCRSDLTTKSP IFPVKVHLQPPSPSDSDSP
MVRGVRMLCPAWLLALAVLCAG————GSEVRAQCWEDARCRDLTTDENILNCIQLCRSDLTDETPVYPGESHLQPPSELEQAEV
————— MMQQSMWRSVLVVLCMVWAR-SSGQLRECWDHTKCRQLTSAPKLMECTEACKVEKTLESPTYPGNGHTEPTAESLRNYV
—————— MWPSLWRCLLPVLLSLWP——VTGQLLDCQEHSKCLEMSSVPQLKECTDGCKVDENMESPIYPGNSQLQPIEENIRNYV

* 0oL 0%

* % ke ok, %

————— N-terminal peptlde———> < -MSH

S

MSHFRWNKFGRRNS———— SSGGHKREEVAG**fLALPAASPHHPAGEEEDGEGLEREEGKRSYSMEHFRWGKPVGRKRRPIKV
MTHFRWNKFGRRNSTGNDGSNTGYKREDISSYPVFSLFPLSDQNAPGDNMEEEPLDRQENKRAY SMEHFRWGKPVGRKRRP KV
MGHFRWDRFGRRNGS———SSSGVGGAAQKR———— EEEVAVGEGPGPRGDDAETGPREDKRSYSMEHFRWGKPVGKKRRPVKV
MTHFRWDKFGRRNN—————- ETGNKREDGYKTPLLS I TPALESHN-NLDMEEDSLSRQDDRRSYSMEHFRWGKPVGKKRRPIKV
KSHFRSTALGRRTNGSVGSSKQAGENAALSITLFAALAPP—QAEEEMEESESSQQQRREDKRSY SMEHFRWGKPVGRKRRPVKV
Acipenser transmontanus MSHFHWNTFGQRMNGTPGGSKREGASTALSVLLEALSQPRDEVERESEEEEGLQQHRRDDKRSYSMEHFRWGKPVGRKRRPVKV

APQTKRSYSMEHFRWGKPVGRKRRPIKV

SSSASQTKRSYSMEHFRWGKPVGRKRRPIKV

VLPPFSSKRSYSMEHFRWGKPVGRKRRPIKV

PPLPLL

SPSSQAKRSYSMEHFRWGKPVGRKRRPVKV

PLYLPLSLL
LEPLSPAAL

SSPSSPQAKRSYSMEHFRWGKPVGRKRRPVKV

SPSSPLYPTEQQNSVSPQAKRSY SMEHFRWGKPVGRKRRPVKV
APAEQMDP——-ESSPRHELKRSYSMEHFRWGKPVGRKRRPIKV

MGHFRWNKFGKKRGNNTGFSGNKREDEPVRAFLNHLPAVVSQTSQMEDEEMETLFPRQDGKRSY SMEHFRWGKPMGRKRRPTKV
MGHFRWNKFGKKRDNSTELSVSKQKGEGVRGMLVQFPYLDTQAPKRGSEDMGTQFSKQNDKRSY SMEHFRWGKPKGRKRRP IKV

Lk kkkkskok sk skolokok ko

YT-NGVEEESAESLPAEMRR-ELATNEVNH-——PQEDSA

YP-NSFEDESVENMGPELKREASVDFDYPVVETSEAGEEEMLEDAKKKDGK T YKMTHFRWGRGPKGSAQSWGPDRTQPMQFTNL
SP- RILENEPQENVGPEFKREESVDFDYP AETLEVRDLDLHGGSKK-DEKNYKMTHFRWGRGPK ————————— DHMYFTNQ
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Fig.7 Amino acid sequence alignment of C. semilaevis POMC with other vertebrates
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Fig.8 Relative expression levels of POMC mRNA in
different tissues of C. semilaevis determined by real-time
quantitative PCR analysis
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ST: Stomach; L: Liver; I: Intestine; H: Heart; M: Muscle;
SP: Spleen; GO: Gonad; K: Kidney; HK: Head kidney;
B: Brain; GI: Gill; E: Eye-side skin; BS: Blind-side
hypermelanosis skin; W: Blind-side normal skin; P: Pituitary

Different letters indicate significant difference at P=0.05 level
(P<0.05), n=9
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Preliminary Studies on Blind-side Hypermelanosis of Cynoglossus semilaevis:
Chromatophores Observation and Expression of Proopiomelanocortin

SHI Xueying'?, XU Yongjiang', WU Ningning’, LIU Xuezhou'", YANG Hongjun®,
ZANG Kun'?, SHI Bao', LI Cunyu'?

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Qingdao 266071; 2. College of Fisheries and Life Science, Shanghai Ocean
University, Shanghai  201306; 3. Fishery Technology Extension Center of Qingdao, Qingdao 266001;

4. Rizhao Water Conservancy Fish Farm, Rizhao 276805)

Abstract The hypermelanosis on the blind-side of Cynoglossus semilaevis have reduced its market
value and affected its availability in the enhancement program, which has adverse effects on the
sustainable development of the farming industry. However the underlying mechanisms of hypermelanosis
have not been clarified yet. To investigate the cytological mechanism of hypermelanosis on the blind-side
of C. semilaevis, we identified three kinds of chromatophores, namely melanophore, xanthophore and
iridophore, based on the microscopic observation, and we described their morphology. The melanophore
contained black and brown pigment granules and had a relatively larger nucleus. They could be
characterized into two types according to the morphology. In contrast, the nuclei of xanthophore and
iridophore were relatively small. The distribution and pattern of the three chromatophores in the eye-side
and the blind-side skin were examined and compared. We isolated and sequenced the proopiomelanocortin
(POMC) cDNA from pituitary using RT-PCR and RACE. The POMC cDNA was 910 bp in length
consisting of a 114 bp 5'-UTR, a 154 bp 3'-UTR, and a 642 bp open reading frame that encoded 213
amino acids. The amino acid sequence was composed of the signal peptide, ACTH, a-MSH, BMSH,
v-LPH, and B-endorphin domains, without y-MSH and most of the joining peptide domains. The amino
acid homology analysis revealed that C. semilaevis POMC shared 30%—64% similarity with their fish
counterparts. Quantitative PCR results showed that POMC mRNA was mainly expressed in the pituitary
and was also expressed in the brain, gonad and the black skin (hypermelanosis) on the blind side. The
POMC mRNA expression level in the blind-side black skin was significantly higher than that in the
ocular-side and in the blind-side normal skin, which indicated a close correlation between the POMC gene
and the hyperpigmentation on the blind-side. Our study provided basic information on the cytological and
molecular mechanisms of hyperpigmentation on the blind-side of C. semilaevis.

Key words Cynoglossus semilaevis; Chromatophores; Proopiomelanocortin; Molecular cloning;
Spatial expression
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