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Cloning of Melanin Concentrating Hormone ¢cDNA Gene
from Olive Flounder (Paralichthys olivaceus)

Jeong Min JEON and Young Hwan SONG*
Department of Microbiology, Pukyvong National University, Busan 608-737, Korea

Melanin concentrating hormone (MCH) regulating color change of fish skin was identified from brain ¢cDNA
library of Olive flounder (Paralichthys olivaceus) during the analysis of Expressed Sequence Tags (ESTSs).
Olive flounder MCH gene consisted of 598 nucleotides encoding 150 amino acids. Olive flounder MCH
protein revealed to contain signal peptide of 19 amino acid residues, pro-MCH of 131 amino acids being
processed to biologically active and mature form of hormone with 25 amino acid residues at the carboxyl
terminus. A comparative structural analysis revealed that Olive flounder MCH precursor had low sequence
identity with other fish species and mammalian counterparts, while the amino acid sequences of mature
hormone had a relatively high identity and more conserved. RT-PCR analysis revealed that olive flounder
MCH precersor gene was expressed spectically only in the brain and not in other tissues.
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22 FE v B4HAI= FE-ES Sl melanin con-
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(MSH), & F719] vbd 282 =28 o8 2Hdrh
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FRE F/MHE B9, MCHY TEo] FrtEol MCH7}
o 59 AEQF 24 (osmoregulation)ol] ZH&3HS Eolsl) .o
W (Francis et al., 1997), $019] 44-& MCHS} 8% A|%7}
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and Bird, 1998).

Posttranslational cleavageoll 23] A} A4 ¥l<= MCH 3glo]=
= prepro-MCH ¥ H|2) AF7A] (precursor)S TAISH AT
2] DNA |7|A <ol A (chum salmon, Oncorhynchus keta)ol
A Loz v ATH (Ono et al,, 1988). 3+ 29 a1 o]
(chinook salmon, Oncorhynchus tshawytscha) (Minth et al.,
1989), ¢ (coho salmon, Oncorhynchus kisutch) (Nahon
et al., 1991), B2t} (Oreochromis mossambicus) (Groneveld
et al., 1993) 22|31 270401 (rainbow trout, Oncorhynchus
mykiss) (Baker et al, 199501 X% cDNAS] £41-& E& 5=}
T29 B0l WeH o, TREEY A F A
(Nahon et al., 1989)2} 217+2] 5 (Presse et al., 1990)9] 4=
MCH7} S UL o] EZFE MCH AFA & F27} ¥4
At

£ A7E Tle] dEA F2olF skl YA (Olive
flounder, Paralichthys olivaceus)® *H ZEE FZ3F mRNAE
Al O 2 ¢DNA librarys T332 AFH ZZ2H
(www.pcs.edu/biomed/genedoc)# NCBI BLASTE ©] -85}
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g2l x| =2&E 0|&¢8t cDNA library #+35

mMRNA 322 2% A2 48 100mge] ¥ 22S
o]-&-3led Micro-FastTract™ 2.0 kit (Invitrogen, USA)oN Al A&
¥ mRNA |2 2] &4 ue} AAIES I, ZAP cDNA
synthesis Kit (Stratagene, USA)E ©]-&3s}od olv] &4
mRNAZRE = cDNAS T30 (Cai et al, 1997). o)
cDNA 259 5 @iy} 3° Udo] EcoRlI site (5-AATTC-
GGCACGAG-3")9} Xhol site (5°-TCGAGTTTTTTTT-3)E A
He olYE g €< o, FEES Lambda Uni-ZAP XR
vectorth @] EcoRIZ} Xhol siteto] E243l9ct 24 %
Lambda vector= Gigapack III Gold Packaging Extract KitE
o]-8-8}4 packaging?t $, NZY Top agar Wl Z| [NaCl 0.5%,
MgSO4-7TH,O 0.2%, yeast extract 0.5%, NZ amine 1%, pH 7.5,
agarose 0.7%]°N Al phage”7l 78 E plaqued #3534} o9}
22 1 o8 & 1.6x10° pfumLe] FA) H 9] 7] cDNA
library S BR3¢}

Z2}AD|= DNA2| FZ1} cDNA library 2292| 2&}
9 F2IMe

21 H phage B EH 2] cDNA library F25-5 helper phageS
°o]-8-3}e pBluescript SK(-) phagemidtl Z kitE ©]-83}4] in
vivo Excision?]Z] ¥, ampicillin (60 p#g/mL)2 -3+ LB agar
Wl A] [NaCl 1%, tryptone 1%, yeast extract 0.5%, pH 7.5,
agar 1.5%]o0 A 12-18A17F wjoFsle] 2912 Adsiaict
(Sambrook et al., 1989). F-2¢12 AHE FE29 AZF DNA
o] Z717} 500 bp O T F2& F1R 3t Wizard miniprep
Kit (Promega, USA)oll 93] 2120 = DNAE F&3lo] o]
229 DNA 9714 ES 28U DNA €714 €L ABI
PRISM dye terminator cycle sequencing kit (PE Biosystem,
USA)E AHE-3lo] DNAE S3A17] B, ABI 310 automatic
sequencer (PE Biosystem, USA)E AM8-3le] 7| ES 24
stAth dolxl AVIMEEL ESTs 48 A3l FAMd 24}
o #-8&stdcth.
DNA 247IA3f Ofolimtt AE 24

5x92 dUE 2850 ORFE TAGHE H9e] 5 W
X AE DNA H71MELe d7IMd AF =299

GeneDoc (www.pcs.cdu/biomed/genedoc) -2 A @515 om
DNA 971493} olu|x=Ake] {AFA-E NCBI®] BLAST
search (www.ncbi.nlm.nih-gov/blast)S ©]-8&3le] FASI AT
WA MCH 7%} ofnl =4t A H 3} GenBankoll 5= 4
B9 MCH 349 o3 viw ¥ #42 EMBL-EBI9|
CLUSTALW (www.ebi.ac.uk/clustalw)ZE Al-&5le] £2443}%
o v EMBL-EBIS|A] A 2= ClustalX T2 13- AME-3}o
ABLZE 223519t} (Saitou and Nei, 1987). MCHS] H| 3l
Goll o] &8 B 2 obvli it ADL GenBanko] S5
obelal HE g ol &3l

=X =ZI0| M| RT (Reverse Transcription)-PCR £44

WX MCH #3218 24 Fo)&Ql B 4L olF9
), A v, 25, 2 FoRRE EE$ total RNA
(Chomczynski and Sacchi, 1987)2 7|2 =& o]&3fe] RT
(reverse transcription)-PCR-S A A|3le] ZAFSHETH 2 22 2]
RNA 1 pg& M-MLV reverse transcriptase (Promega, USA)oll
o3} MCH®] reverse primer?] Mchp-R%2 G AL ¥H-8-8- 2 A
514tk Wxe] MCH cDNA €71 Q2RE oF 490 bpoll S
3= MCH ZA7A1¢] ORF #9&5 % 4 U= forward
primer¢l Mchp-F& ©]-&3t4 PCRS HAIstAH AM8H
primer®] @7] A E-& <} 9} 2T}t Mchp-F primer; 5°-TACC-
ATGGTCTCAGCATAT TCC-3’, Mchp-R primer; 5’-TGTAA-
CACACGAGGAAGAGCTC-3".

2ol A 60427+ HARAL BEG- Fof BEZ 94TColl A 1827
©] denaturation, 56 Cll 4] 14£7+9] annealing, 72°Col|A] 14&-3F
9] polymerization?] WA 353 whE-ale] 43} H ). RT-
PCR ZFF A28 1.5% agarose gel oA A7) H5& o
ethidium bromide® G4 ¥ BQIstP ). 3 EF o2
gx)e] gjiEe] 2AqA ddEE = B-actin F-HA9] 620
bpE SEE 4 9+ Bactinp-F; 5’-CGGTTCCCTTAAAG-
CGAAAA-3"9} Bactinp-R; 5’-TTCATGAGGTAGTCTGTGA-
GGT-3’ primerE ©]8-3}% &3 RT-PCRS AAI3IH T

z 2t
HX| MCH cDNAS| 224
X9} ¥ cDNA libraryoll A 292 A= o] in vivo
mass excisionS E3] pBluescript SK(-) phagemid] & =¥ F
40097 FEE 2 phagemid o] E29 sited] 57 WaFl] ¢4
% SK primer (5’-CGCTCTAGAACTAGTGGATC-3")& ©]-&
slo] G7IM DS AASIATE T FolA] 355 FEE0] NCBI
BLASTX®] opr]ieit A|E FAME ZALl o] 4221 /4
A9l Ao WA on ESTs ¥4 935 7319 grixg
Z747 NCBI tlo|gtHlo)2 PAae Este] MCH AT-AS
Axste F3AE 2 4 ARG (Fig. 1). ©o] HAA=
G218 MCH A7A] e d-E 743t +HALE GenBankol
SEHJ T (AF236090, Feb. 2000).
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D 6 E I E Q D 39
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P I N E H A M 55

CTG GAC AAC AGC ATC AGG 247

M L D N S I R 71

ATC TCG GAC ATG AGG CAG 295

I I S D M R Q@ 87

GTC CTC ACC CGG AGC CTT 343

s v L T R S L 103

GCT CCG GCC GAG TAC AGT 391

R A P A E Y S 119

GAC ACT GAC TTC AAC ATG CTG CGG TGT ATG 439
D T D F N M L R C M 135
TCT TCC AAC ATC CCC|TGA 487

C W E S S N I P |==xx 150
atgttcagtg gagagctctt cctcgtgtgt tacactgaaa tgcatttcta tgtagaaaaa 547
aataaaactt tattaaaatt c 598

aaaaaaagag tgcacaaaca tgtaaaacta

Fig. 1. Sequence of ¢cDNA encoding MCH of Olive flounder (Paralichthys olivaceus) and the deduced amino acid sequence.
A putative signal peptide and a polyadenylation signal (aataaa) are underlined. The boxed region includes the mature form

of MCH and star marks indicate stop codon.

EHX MCH F&Atet otolimdt Mo &4

g2 MCH f+3219] DNA 471423 37 ofvl=at A E
£ Fig. 19 YER ok MCH 3R polyadenylation $1X]7}
A 598 bpE 7H7 A o)A 34 bp2l 5°-UTR (untranslated
region)?} 114 bp®] 3-UTR % 150702} o}u]=2te o 3}5)=
45078 9] FEYEel=9 AAl FEE FAst AU
SignalP V1.1 program (http://genome.cbs.dtu.dk/hibin/nplsmh-
webface)ell 2]3 open reading frame (ORF)2] 5* 91X 2] MetF-E
1970 2] o}m]i=Ato] signal peptideZ A= U2 (Nielsen
et al,, 1997), pro-MCH peptide’= 1317}2] o}v|=ito 2 FAJE
S old ¢ U AATAAAS] H7IMERE o]Fo|A
polyadenylation signal= @28 4= 13}

MCH Fleglol == M7 9] ¢ Dol A st=t], {9
MCHE FU3%A mature forme T 2EL QA= 4
(hallmark)©. 2 7}5%]= dipeptide cleavage siteQ] 124-125H A
(Arg-Arg) Floll YA8laL Y em 25789] opn|=Ato g2 T4

B g F2E AV ok YA MCHE o729 MCH
Heo| ol vI5) 87), EA5-22 MCH HEelo| =0 HIS|A=
6709 ojulizste] Ryl o g HrlE FA48 VERA, &
48 Aetol=9 F+2E AAste oA} 18 A2 cysteine
disulfide bond®t FFHEA F83 AR ofr|iit<d
arginine €] 19 A o}v| =21 tryptophand T F3IL 31
F 2 EZHF FARE F2AE A48 AT
GenBankol 55% oF ¥ ZLR/TEF Y2 MCH AT
H 2] ofmlmate] 2]} thE B (multiple alignment)oll &3+
EAL Fig. 20 Yl Stk Ao FoF FEAI Fo] Aol
FEAE 71%E oW IRHEE Aol FEAE 81%2]
o $ATAE e 28y E/HE5EL AR
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37
37
37

37
37
37

60

60
38

85

85
85

85
85

116
116

445

Flounder MCH DGLSSLLGDDP--INEHAMVPPAYRGRLMLDNSIRDEDGNRKINISDMRQRGRGTRGLN 96

Chum-s MCH I AAAAGPDRALTLDRREAGQDLSPSISIVRRDT - - - - MRCMV GRVYRPCWEYV---- 132
Chinook-s MCHII AAAAGPDRALTLDRQEAGQDLSPSISIVRRDT - - - - MRCMV GRVYRPCWEV---- 132
Rainbow-t MCH I AAAAGPDRALTLDRREAGQDLSPSISIVRRDT - - - - MRCMV GRVYRPCWEV---- 132
Coho-s MCH AAAAGLDRALTLDRREADQDLSPSISIVRRDT - - - - MRCMV GRVYRPCWEYV---- 132
Chinook-s MCH I AAAAGLDRALTLDRREADQDLSPSISIVRRDT - - - - MRCMV GRVYRPCWEV---- 132
Rainbow-t MCHII AAAAGLDRALTLDRREADQDLSPSISIVRRDT - - - - MRCMV GRVYRPCWEV---- 132
Chum-s MCHII AAAAGLDRALTLDRREADQDLNSSISIVRRDT - - - - MRCMV GRVYRPCWEYV---- 132
Tilapia MCH VDENNQ----VVEHKDVGQDLT--IPILRRDT - - - - MRCMV GRVYRPCWEYV---- 136
Human MCH ENGVQNTESTQEKREIGDEENSAKFPIGRRDF D --MLRCML GRVYRPCWQV---- 165
Rat MCH ENGVQNTESTQEKREIGDEENSAKFPIGRRDF D --MLRCML GRVYRPCWQV---- 165
Flounder MCH S-VLTRSLPLLADQKLSRAPAEYSFKIIDRkI}E)TDFNMLR:QM | (;I-B\ﬁl}’(li(iWESSNl 150
® & k% %k & f.‘,,”pm,,,*P

Fig. 2. Multiple alignment of the deduced Olive flounder (Paralichthys olivaceus) MCH amino acid sequences with other
MCH sequences previously registered in the NCBI data base. Two Arginine residues denoted in bold are hallmark to indicate
mature hormone processed from precursor protein. Data base Accession numbers are as follows: Chum-s MCH I (Chum
salmon MCH I , M27872), Chinook-s MCHII (Chinook salmon MCHII, M25755), Rainbow-t MCH I (Rainbow trout MCH I ,
X73837), Rainbow-t MCHII (Rainbow trout MCHII, X73838), Coho-s MCH (Coho salmon pro-MCH, P56943), Chinook-s
MCH I (Chinook salmon MCH I, M25754), Chum-s MCHII (Chum salmon MCHII, M27871), Tilapia MCH (Mosambique
tilapia MCH, X81144), Human MCH (human MCH, M57703), Rat MCH (Norway rat MCH , M29712) and Flounder MCH

-

(Olive flounder MCH, AF236090). *; The same amino acid of the MCH precursor.

Eel N TMIRCM|V|GRV Y RPCW|EV

Teleost fishes DT MRCM|V|IGRVYVYYRPCW|E V

Mammals bDFDML|RCML|GRVYRPCWAQYV

Olive flounder D TDFNMILRCMI|IGRVYRPCWESSNITP
| ]

Fig. 3. Alignment of mature form of MCH between fishes and mammals. The loop structure is formed by the disulfide
bridge of the two cysteine residues. Olive flounder (Paralichthys olivaceus) MCH residues which differ from fishes and
mammals sequences are in bold. Amino acid residues extended in the N terminus (two amino acids) and C terminus (four
amino acids) are underlined and the identical amino acids are boxed.

1989)°1 4 391 %= mature form MCHE] o}r)=2F QD (boxed
region in Fig. 3)°] HAE AU lo] AFH FEo| Aol
TZYAAE BFeta TR A Pofdls FEo] &

A9, WA ojulest PEE Fig, 2004 2ALE ol 59
E5E9 mature form MCH®}F ZH2F 70%$} 78%%] =2 AHs
AL BT o]AL olr|=At F = A A (Matsunaga et al.,
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r Coho-s-MCH
Chum-s-MCH Il
Rainbow-t-MCH I
Chum-s-MCH I
Chinook-s-MCH II
Tilapia MCH
Fiounder MCH

4‘ Human MCH
“——gt MCH
Rainbow-t-MCHII

— Chinook-s-MCH

Fig. 4. Phylogenetic analysis of Olive flounder (Paralichthys
olivaceus), other fish species and mammals MCH precursor
amino acid sequences.

M () (#) B K S Mu L

« B-actin
— MCH

600 bp —
500 bp —

Fig. 5. Tissue specific expression profile of MCH gene of
Olive flounder (Paralichthys olivaceus) by RT-PCR analysis.
M, 100bp ladder; (-), negative control (pUC19); (+), positive
control amplified with pMCH cDNA; B, brain; K, kidney;
S, spleen; Mu, muscle; L, liver.

BEF S-S & 4 ANk o] 2HE EQiE MCH o=
A XEE o] £ "4 |2 MCHY] Z8}e3Q JAdAE &
olr7} 98] AEXE (phylogenetic tree)E 238 AT}H (Fig.
4). Neighbor-joining ¥l 28 A B =& F3l|A Aol
Yeiviol, YAl 193 £4-5.9) MCHZ 8eHael 37}
olFolFE & F Ao, dx1o] MCHE ol Fe] Blsj] i
Hog TRF O $49 o2 dehwth

FHAL] TX S0IN LH 24

MCH =

RT-PCR®] A7 (Fig. 5)oll 2J3t¥ dX] 8] MCH #32h=
o]F9 o, A, ¥, &5, el E2F RNA A8 F
FrdHA ¥ 2H MY FolH o FHEGon, = cDNA
libraryoll Al £2]8F MCH A7 A A2] pMCH ¢cDNAS]
PCR 4HE-9] Z7]9F A&s] dR|ate] o 2t FolFe
2 HREE & 5 AMTh

il -

MCH fR7ks RstH o diy-iel g EAs

= Aoz &#HA 91oH (Griffond and Baker, 2002), ] 5ol A]

of
o2

clot

= MCH 3z 7271 Ao] (Ono et al,, 1988), FX7) %0]
(Baker et al., 1995), @2}3o} (Groneveld et al., 1993)o1 A1t
B B Aol e o5 olfF 2] FuloA &A=
#A<1 oFR) PX2] = DNA libraryol] A} ESTs #4&
3 o]F HRAML zAsE TEEQ MCH AFA S22
Ago 2 FEsial 548 2AEAY
dolF Alol2] AEAL 75% o3& VROl & FHBA
2 Uehile 9, 92 MCH A7AE dolF9 26-35%2)
e AEe RS detgote] MCH 749 45
= dolFet 47%, TR 20%9] B A4S eIt
2l g2t ol] mature form MCHS| HE}o|=9] #2E
AgletA oz & BEH QIon, dxo Aem R}
EIREEY =2 454E BYx o“‘ﬂx—‘lfii ool =3
FHEE o 77t AEAE BT (Fig 3). ©]A-& MCH
ATA Y opueat-g o] 83 AFTZAME PX|o] MCH7}
offFell vl XHEE o FASE Aoz IAAHAT (Fig.
4). ol9} 7ol o]t X {HEE Aol AEA vnE T3
MCH AA2] 27} dela]oele] MCH 9+ (Groneveld et
al, 1993)0lX & 4= Sl%o] AEFo me} e RELS
AYE & 4 U o™ mature form MCHS] 7%= %13)8+4
oz Z HEFHN Y-S AT & dAY.
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Mature form MCH & ©|E ulgto g 3l o] £/ F=4)
E 71843t FA7) FojollA B8 vlmst ?Jr, k!
el MCHSF 598 848 Bole HAde §54 7+

TN 2] 14Aet ¢ 2T 16-17HA op]| =4S A9
3k 5. 15HA7RA] Y] olu| =4k FZ (Cys-Met-Val-Gly-Arg-
Val-Tyr-Arg-Pro-Cys-Trp) ¥ ©] 8183 2™ (Matsunaga et al.,
1989), B-3& o] F2Z o] F= Cys-Cys sulfide bond2} 15H A
2] tryptophan©] £33 MCH 749 544 FH4842
HrE ) o]H3t +24 EAL gX MCHIAMNE & HEE
o] Qo] ddoje] 7THA valine©] isoleucineC & X FH AL
A JstH FLI A FE (Cys-Met-Ile-Gly-Arg-Val-Tyr-
Arg-Pro-Cys-Trp)S @AIstar Y (Fig. 3). ©bvk 7HA
isoleucine?] 7|54 E-°]Ad3} MCH ZElo]= N U] Asp-
Thr3t C Zdol Ser-Asn-lle-Pre©] F7}48 olu|xil F27})
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