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ABSTRACT

The protogynous longtooth grouper, Epinephelus bruneus, 1s a important
aquacultural species for its good taste and high price in Korea and the
Southeast Asian countries. Large-scale aquaculture of groupers has been
hindered by rarity of the natural males, because spontaneous sex
inversion to male does not occur until it become about 5~7 years old. In
teleosts, gonadotropin hormone (GTH) play important roles in the
regulation of gonadal development and maturation. In other to clearify the
molecular biological effects of GTHs on the reproduction of longtooth
grouper, three gonadotropin cDNAs (GTHa, FSHB, and LHPB) from the
pituitary gland were isolated using by RACE. The cDNAs of GTHa, FSHS,
and LHB were 509 bp (117 a.a), 576 bp (120 a.a) and 579 bp (148 a.a)
long, respectively. Each subunit showed 65~99% (GTHa,), 50~100% (FSH
B), and 60~97% (LHB) homology in amino acid sequences comparing to
each other among other teleosts. GTHa subunit of E. bruneus contains 10
conserved cystein residues and two N-linked glycosylation sites. FSHf3
and LHB subunit of FE. bruneus contains 11 and 12 conserved cystein
residue, respectively, but N-linked glycosylation site was found only in
the LHB subunit. Phylogenetic analysis revealed that the longtooth
grouper GTH subunits were grouped with orange-—spotted grouper and
convict grouper. Southern hybridization analysis revealed that the
longtooth grouper GTHs are one-copy genes. RT-PCR result showed that
the GTH subunit mRNAs were expressed at higher level in immature than

mature pituitary, suggesting their role in gonadal maturation.

Keyword: Gonadotropin hormone (GTH), Pituitary, N-linked glycosylation,

Southern hybridization, Grouper
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I.A =

1:1[0

o Foll A AFEZ] (puberty)= Awo® AeE & 5 U= s89s 7HA= Al
715 ulst, AbE7] olF Akt AL WREHIAD H-d kA - A A
(BPG) ol 98] =ddt} (Okuzawa et al, 2002). 2] A]stE-oA A5
= A 2= 52 (gonadotropin-releasing hormone; GnRH)-& 1071 9]
olu| =Ato 2 FAE FEIHE|= (neuropeptide) A HelFA=HE AN 5

% (gonadotropin hormone; GTH)¢ @3t W&o zdst= Az @9lo
o (Kumakura et al, 2004). A4 2= T2 (GnRH)Q] A5o=2 FAH+=
AN T2 o= A YA T2+ (luteinizing hormone; LH)# o ZA}=
2% (follicle-stimulating hormone; FSH)o] ¢lom o5 dold AxEe}

2E9 Aol &5t A A BHa AHEO=E e 2Es

ut)

_

]
fot

=

()
ol
rir
ofl

g d s = Zolth (Schulz et al, 2001; Li et al, 2005).
I duEWE TEES X A5 28 34 Y4 s=2Z A A
2% (thyroid-stimulating hormone; TSH)¥} §EA AAA A= 28
(chorionic gonadotropin; CG) T 4 77} o, ZAZFo]f{Fol 799+ FSH
(£ GTH-DS LH (% GTH-ID 2FF7F A48t 22 484 Ao (Liu
et al, 2001). FSH®} LHE 3622 EAee d9-2990A4 (a-AT9) <
zrzkel 715 YEtlE HE-AYR A B-a9AD7E vl AderE 749
o|%A (heterodimer) T-x& ©]Fil 9t} (Pierce and Parsons, 1981; Sekine
et al, 1989; Bernard et al, 2000; Gen et al, 2000; Liu et al, 2001;
Saito et al, 2002; So et al, 2005). ¢ 100%7]¢] ofn|:=qto = /g = o] <l
T 299 AES O-linked =% N-linked &8]31g AMET o|3tsl wAAdS

o]F= AlZHR s REHY v 5SS 7ML Ak (Mateos et al.,

2003). HFEEA Fduma F= 2ol HFEHS N-linked 8|1 AFS F
Y= 22729 £33 AP F23 FES sl HoR HIEo Q)
(Weltzien et al., 2003; Kim et al, 2005). AZ=o]FolA GTH A9 A H=

of #3t AF= dAoFAAM A Had o], fHAt WA (European eel),



T4 5o} (Striped seabass), 84t &° (European seabass), ## (Red
seabream) oA Bi¥ v} 9t} (Li et al, 2005).

solE el npEl el Lok AA slgrolQl Abke] (Epinephelus bruneus)=
Aol ®2 21 olgt EfE e S5 HE e Aol SA-olH (Fig. 1), AFE
M= “thanbg]”ekal BTt (Song er al, 2005). At E X33 FAAF
= s HET FHobA o] A AbjlelA - HE AFIPHAE A=
x4 ofFolrt. 22y olE9 dH ¢S =2 7Y TAEH 49 &

g, 28l 2HmolE S EFo o3k 4bek A7] o]l HA] ¥ A Tom Al



- ;';:,\;}l't?

Figure 1. Photographs of Epinephelus bruneus. Longtooth grouper has irregular stripes
on body and long tooth.



Ag 2 9
1. 48 58
AN T2E GTHa 29YA (common-a), FSHR 29 A¢F LHE 29

As FEst7] flated FxoA AT ds B uAds dEe A4 Ak
(Epinephelus bruneus)E< AR, EoollA w3 & HelA, 7, 18a
A LE AF ST HEd A 2=25H DNA 9 RNA F3¢| AHE

E2 -80Cel Hasiqlar, =A8H FA o] AREE %42 Bouin's &9 Bt

sttt

& =4

2. Genomic DNA$} Total RNA #3g

Genomic DNATE A3t Apmpg|28EH HEd 7

EN

2o ZHE Genomic
DNA Purification Kit(Promega, WI, USA)E o]-&3te] & st3ivh. A&d b
ZZ 20mgol] Nuclei Lysis Solution 600uE #H7}8le] w#23tak & 65T ol A]
2587 vbS Al F T, Lysis® 7F 232 o 3] RNase Solutions 373k ¥, 3
7CAA 3083 HH-gAA RNAE A|A sk3al, 200402] Protein Precipitation
|NE A & dAER AR AT F%Y olAZERES UM &
15,000rpmol| Al 1&%F €4 &2 A1A DNAE I HA7]1aL 70% des=2 AF
g &, Aox HZx3e] DNA Rehydration €9 100l =3tk 249
DNA®E #3333 5=7A15 ol&3sto] 260nm gl A B skt

Total RNAE 453 Ablg]25E &9 9 343 2ol RNA-Bee
(TEL-TEST, Friendswood, TX, USA) X+ TRI REAGENT (MRC,
Cincinnati, OH, USA)E 7ot Hdstst & S2EZIXES H7bsteo 47T,

12,000gol A 15%-7F AR A ZT Ao T ol AZaReS H7s
3 12,000g90 4 AAEE AlA RNAE HAAZT A5 NS vgal, DEPC7}

Al 80%9 cEas AHbst] AHZ FH, AM 5Eit Axdd F



O

RNase-free 5ol At Abgstltt. £el® RNAS S33d5=AE ©l
3l A#eal, A260/A280nme] W&ol 1.7~2.0 ¥ W #HE Z=
RNAE 3ol A-g3F3itt.

3. H-E &4
Ao 9 vds AEE dQ1517] fste] weld dAE x84 Fzbo] A&
33t EelEl Z2A 5L Bouin's £ A4 247 1A & 70% o B2 1

dAH R Gdte] sepor xu| sivk. TvjE 7 %
o= At FrtEAdd deor JNste] Fokdn st

4. cDNA 34

cDNAE  Autele]  wstAlelA  #2¥  total RNA 1ugg FIO=E
ImProm-II™ Reverse Transcription System (Promega, Madison, WI, USA)
& AHg3stel §HAdsolth Total RNA 1ugell Oligo (dT) primer 1lugs £33}l
T FY7F bu7t HEF SRS H7Fekth 70TAA 5E7F wreA F, 4
WS 5x Reaction buffer, 2409 25mM MgCl,, 1x02] 10mM dNTP Mix, 20
unit®] Ribonuclease inhibitor®} 1 unit®] Reverse transcriptasegE #H7}shaL,
By 7} 207 HES EFFE H7FE oS, 25ToA 58, 28]al 42T

A 60&3E WHgske] cDNAE 943k 5, 70Tl 1581+ 7Fdate] cDNA9]
TS THAFHL Aol B 7 cDNAC] 30xle] Nuclease-free THTE

=

Wrkshe] AFHIE 50 A 84 shein,

i
o

5. GTHa, FSHB Z12]31 LHB cDNAY #g

GTHa, FSHB =8]x LHBY cDNAES Eg37] s ZA5SEutg

(Epinephelus coioides, accession number. AY186243)o A H.il

i
og
N
2
iies
o



12 degenerate primerE A|Ztste] (Table 1) ZF F+3dA @dHS S231%
. SEFAES 1% obtm= AdA HAr|gEsiel &Ql & AASAAL,
pGEM-T easy vector (Promega, Madison, WI, USA)°] A<iste]l JM109
competent cello] AAS AJ71 & A HFZUREHE ZgtAu|= DNAS &
goto] A7IMEe ARSI 2 7S 71492 National Center for
Biotechnology Information (NCBD<®] BLAST S o]&3te] #4353}
(Altschul et al, 1990). #v}g] GTHa cDNAE DNA Walking SpeedUp'
Premix Kit (Seegene, seoul, S. Korea)& ©o|&3to] £7 &t 74 Eo|F
A Zetelm AEE= FodE FE AES =z AFEJAY (Table 2). FSHRS
LHB cDNAx= weld 52 MdS Fauz Azte {4 5ol Zetolw A
EE AlE3}e (Table 2) SMART RACE c¢DNA amplification Kit (Clontech,
Palo Alto, CA, USA)& ol&ste] e &dinh. 7 WRom SFd cDNAE
1% opPt2= AdA H7ldss 5 AAsIL, BAl¥ cDNAE RBC yT&A
cloning vector (Real Biotech Corp, taiwan)el|l A¢iste] 249 3+ & HA7|A

9g AR,



Table 1. Primer sets used for partial

cloning of GTH subunits in E.

bruneus.
Name Primer sequence” Note
GTHa P1 5'-CCAGAGCRTACCCAACACCT-3" forward primer for GTHa cDNA fragment

(GTHa TSP1)

GTHa P2

GTHa P3

FSHB P1
(FSHB GSP1)

FSHB P2

FSHB P3

LHB P1

B-actin

5'-CTCCAGTYCCCATCTGTCAT-3'

5'-GGTAACTGCTGCAACCACGA-3'
5'-GGTGATGTTCTTRGGGATCG-3'

5'-TGYATGGGCTGCTGCTTCT=3'
5'-GTCCTCCGGTTTCTCGTCTT-3'

5'-TCGCCCAAAGAACATCAGC-3'
5'-CAGACAAGGTCCCGCAGTC-3'

5'-YRACCARCATCAGCATCC-3'
5'-CCGCAGTMYGTGTTTYCTG-3'

5'-GTTGTCATGGYAGCAGTG-3'
5'-TCTGTTCAGCCCAGTCATMA-3'

5'-TYGAGAAYGAGGGCTGTCC-3'
5'-TCATGCAGAAGTYSGGYTG-3'

5'-CACCACAGCCGAGAGGGAAA-3'
5'-CATTTGCGGTGGACGATGGA-3'

reverse

primer for GTHa

forward primer for GTHa

reverse

primer for GTHa

forward primer for GTHa

reverse

primer for GTHa

forward primer for FSHf3

reverse

primer for FSHf3

cDNA fragment

cDNA fragment

cDNA fragment

cDNA fragment

cDNA fragment

cDNA fragment

cDNA fragment

forward primer for FSHE ¢cDNA fragment

reverse

primer for FSHf3

cDNA fragment

forward primer for FSHE c¢cDNA fragment

reverse

primer for FSHf3

cDNA fragment

forward primer for LHB cDNA fragment

reverse

primer for LHB c¢cDNA fragment

forward primer for B-actin cDNA fragment

reverse

primer for B-actin ¢cDNA fragment

* Degenerate Y; C, T., M; A, C,. R, A, G., S; C, G.



Table 2. Primer sets used for isolation of GTH

subunits in E. bruneus.

Name Primer sequence Note

5'-ACCAAACATCGGCTGCGAGGA-3' target specific primer for GTHa cDNA 5'
GTHa TSP2

5'-GCACTCCTCGCAGCCGATGTTT=3" target specific primer for GTHa cDNA 3'

5'-TGTATGGGCTGCTGCTTCTCCAG-3"' target specific primer for GTHa cDNA 5'
GTHa TSP3

5'-AGCCCATCGTGGTTGCAGCAGT-3' target specific primer for GTHa cDNA 3'

5'-CAGCATCAGCATCCCTGTGGAGA-3" gene specific primer for FSHB c¢cDNA 5'
FSHEB GSP1

5'-CGCCCACTGGACATCCTTGGAA-3' gene specific primer for FSHE c¢cDNA 3'

5'-CCCTGATGACTGGGCTGAACAGA-3" gene specific primer for FSHE c¢cDNA 5'
FSHEB GSP2

5'-CTCTCCACAGGGATGCTGATGCT=-3" gene specific primer for FSHB ¢cDNA 3'

5'-GTCACTGCATCACCAAGGAC-3' gene specific primer for LHB ¢cDNA 5'
LHB GSP1

5'-GCTCAAAGCCACAGGGTAG-3' gene specific primer for LHB ¢cDNA 3'

5'-AGCAATGTGTACGAGCATGTGT-3' gene specific primer for LHB ¢cDNA 5'
LHB GSP2

5'-GTCCACGCCAGGAGGACAGT-3' gene specific primer for LHB ¢cDNA 3'

5'-CACCTACCCTGTGGCTTTGAG-3' gene specific primer for LHB ¢cDNA 5'
LHEB GSP3

5'-CATGCTCGTACACATTGCTGA-3' gene specific primer for LHB ¢cDNA 3'




6. @714 &4

2EE 7z cDNAES g7IMge 2o ZgavozRy 9749 248
ojgstel Agetgirh. A48 AVINLE V2R ofvlmit AL eFskla
<

(BCM Sequence launcher; http://searchlauncher.bcm.tmc.edu), &3+ GTH &

Gl A5 FAA A7IME D EAS ClustalW (Thompson et al, 1994)5

AHEEETE GTH ABAIE] AFHAdA 42 PHYIP 22138 o] &3}
%

of 243t 7k 24 o84 o]F GTH 299A ofuwit Ao

i

Multiple alignmenti: ClustalW X =13 (gap opening penalty: 10, gap
extension penalty: 0.05, gap distance: 8)& ©o]&3s}o] 243133, Bootstrip
42 SEQBOOT ZT=1a9s o]&ate] 10003 WH5slaltt. SEQBOOTH 2l
align® 1000set2 PRODIST =Zz13e] JTT HHHS o] 8&3te] distance
matrices= ARt Al4RE  distance matricesi™ NEIGHBOR Z 27139
Tree 2l input Hlo]El& ©]&%¥ i, CONSENSE Z23& o] &sto] Z}
GTH A9 A2 consense treeE M35t Out group Algre] TSH <&
3 A AE ol g5kt 2 222l multiple sequence alignmento] ©]-&%
23 FAxE gLy Zrr (1) GTHae 2994 #vte] (gGTHa; accession
number, EF583918), ZAsHlg]  (0gGTHa;  accession  number,
AAN18038), #HulE] (hkGTHa; accession number, AA043056), 52
(cgGTHa; accession number, BAC78811), frH4F & (euGTHa; accession
number, AAK49431), #% (rbGTHa; accession number, BAB18562), &%
5] (stGTHa; accession number, AAB66489), W1&7o] (sIGTHa; accession
number, AAN77069), =<2 (accession number, AAN77068), W de}vjo}
(ntGTHa; accession number, AAP49577), £AF8]H (kfGTHa; accession
number, AAB60605), A B.g}3] 4] (zfGTHa; accession number, AAR84285),
Avel (hnGTHa; accession number, NP_000726). (2) FSHB A©$1Al; #akg]
(1gFSHB; accession number, EF583919), ZA & vy (0gFSH; accession
number, AAT79786), 57 (cgFSH; accession number, BAC78812), #+4
2 Fo] (euFSH; accession number, AAN40506), &%4Y &9 (stFSH;



accession number, AAC38035), 4 &7 (giFSH; accession number,
AAD51934), 7F=x] (shFSH; accession number, AAS01610), 3% (rbFSH;
accession number, BAB18563), =g (rfFSH; accession number,
AAU14141), ¥ A (bhFSH; accession number, AAK58601), =4 (pyFSH;
accession number, AAP85606), T 7FAH] (ahFSH; accession number,
CAD10501), Yddeso} (ntFSH; accession number, AAP49575), %AFE]F
(kfFSH; accession number, AAB59962), AF# (hnFSH; accession number,
NP_000501). (3) LHB A9HA, Awkg]  (gLHB; accession number,
EF583920), #ZAFHlE](ogLH; accession number, AF507939), 7]
(cgLH; accession number, AB111458), =%Y -5°] (stLH; accession
number, 150994), fH4F =¢] (eulLH; accession number, AF543315), #&
(rbLH; accession number, AB028213), &% (rfLH; accession number,
AY609080), Yddetu]o}l (ntLH; accession number, AY294016), AHd2H0|
(giLH; accession number, Q9PW98), 7F=*] (shLH; accession number,
AAS01609), &= (pyLH; accession number, AAP85607), A&X] (ybLH;
accession number, Q90225), &7FA1a17] (skLH; accession number,
CAD59185), ©Al (bhLH; accession number, BAB47388), #2234 (zfLH;
accession number, AAV31153), A}H (hnLH; accession number,

NP_000885). (4) Out group; AF# (hnTSH; accession number, AAB30827).

7. RT-PCR

ZAebe] GTHs (GTHa, FSHB, L2]al LHE) fFxxtel tiste] mid<s A17]9
et 220 ds A7 HaEA Z2A A mRNA HESES vl 4
&7] 98te] RT-PCRS 831ty PCRol Alg¥ Zalolm= Eeajd Al
F7IMES 71x2= o] 77 AlASelth (Table 2). RT-PCR 4+ 913 o
Z 0% Auke] 9] B-actin Zefo]ME ARG (Table 1). PCR WHg-2 1u0
9] ¢cDNAE F¥ o= 3o 0.5 Unit® Tag (BIONEER, daejeon, S. Korea),
2.5mMe] dNTPmix & Z338l] 95TColA 45%, 55Col|A 45%, 72CelA

_10_



90% A 30cycle®elt FZ A}

8. Southern hybridization

AmpE] o] 7F A O 2 HE genomic DNAE #El89lal, #2]%¥ genomic
DNA (30ug)E o] Adar=z st 0.7% agarose geldl 1Volt/cmZ 10
AIZE E?F AT A7lE DNA @355 Vacuum transfer & AF-8-3}hod
50mbarol A 3A17F &<t nylon membrane®] blotting 3+ 32, 150mJouled] UV
S ZAFsle] cross-link AlZATH B3 Al Al
FHEORE oo, 4 FHA| FolF Sl ZEolmE
AW o g At a1, Hexalabel™ DNA Labeling Kit (MBI, Hanover, MD,
USA)E FX5te] ARE-3F3ith 100nge] 5% DNA, 10ue°] A2 LE =0
THTE HETHY 20uE HFo] v = 58 MAAA 5, 4404 10mM
dNTP (minus dCTP), [a-"*P]-dCTP(50uCi), 2 unit®] Klenow fragment
exo & Hste] 37Tl 10&3F w5 5, 4409 10mM dNTPmixE ¥il 5&
F Aglste] F7FE w3 AIA AZ skl Blotting®] £ membranes 30+
7 10m¢e] Expresshyb (Clontech, Palo Alto, CA, USA) £%do
pre—hybridization 2171 %, 1.5mg® salmon sperm DNA®} &7 A ZrE €3
< Agste] 60TolA 10A1F &<t =43k A Zoh 438 membranes 2X
SSC/0.05% SDSZ oA 1A 0.1 SSC/0.1% SDSZ 50ToNA 1A%+

Al 8kaL, -80Tol A 3YRE X-ray &l A3 5 A3l

s

Z219] genomic DNA

il

of

3l SEAI F, e

H

A}

_11_



m. 2 3}

1. A¥tE] GTH cDNAs9 #3 2 47|48 £4

Zpute] HskAl] cDNAE FPoz Al FRFe AAd s=22 AdeA
cDNAE Fg sl FEdEHE d7IMES #4383tk GTHa (common-a),
FSHB 123l LHE Aw9#l Z2ke] cDNA Zeol= 509 bp, 576 bp L1&]il
579 bp%lth. GTHa A%$1Ae] ORF el 351 bp (117 aaeldeH, 5
UTR¥} 3" UTRE #Hol= Z+7F 136 bpet 19 bpith. 3, GTHa AW$1A
cDNAo= Juwza s=X <941l A< (glycoprotein hormone alpha chain;
GHA) =9l 49 (33~117a.a)°] =] AT (Fig. 2). FSHB 29| A]<]
ORF Zo]& 360 bp (120 a.a)oleH, 5° UTR¥} 3" UTRe dol&= 742zt 109
bpet 107 bp3lth. FSHBR A%$IAl cDNACE= Judd 22 wEe A&
(glycoprotein hormone beta chain; GHB) =Wl 349 (23~117 a.a)o] X%+
o] ATt (Fig. 3). LHB £¥$1A19] ORF ol 444 bp (148 a.a)ollem,
5 UTR¥ 3" UTRe 4ol 717} 18 bpet 114 bpAth. LHB AT A] cDNA
ot gduwd s =22 e A& (glycoprotein hormone beta chain; GHB) &=
A 99 (39~140 a.a)o]l EFH AT (Fig. 4). Avtele] GTHa, FSHB
aE]al LHR A9 94l cDNAS v FolA Hid GTH 23S AEY obv=
A AqdH 2z vjal A A AT AT 8 (B coioides)®t 543
o] (E. septemfasciatus)® GTH A9 AET 714 A5 (Table 3). #F
vhe] GTHa &9 A8 ofn =t Mdol= 5 719 N-linked &81d AbE F
A7F EAsERA L, 10 7he] Al=EH 715 AL dee St (Fig. 2,
Fig. 5). #hvle] FSHB &thefA|le] opn|wit Hdol= Had a3 54+
AN et o]l N-linked &e]aid AbE H-917F EA8HA] &gkem, 11 719 A=
Hl 7] = 7709 Z717F knot motif$ls FQlekaitt. Avke] LHR AW$A
o] opuiqt Mol & 7He] N-linked &2]aid AlE H-917F S48k
Mol Alz=dlRl 271 5 5709 2717k knot motif S Bl SkGith EF, FSHR

_12_
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TCACAGAAGTATGCCAAGCGAGGGGGGGGGGTCTAAAACTACATGACGGGACGGACGTCC 60
TCAATAAAAAGCTGTCCTGCACAGAGGCACAATGAAGAGTCAACTCTCTCTCAACATGGT 120
AACTGCTGCAACCACGATGGCTCAGTGAGATCAGCTGGACTGAATCTTCTCCTGTTGTC 180

M GSVRSAGLNTLTLTLTLS 15
TTTTCTATTTTACATAGCTGATTCTTACCCCAACATTGACTTACCAAACATCEC[MIIci®erl 240

GGAGTGCACACTGAGGAAGAACAGTGTTTTCTCAAGGGATCGTCCGGTCTACCAGTGTATeINle)
E@TLRKNSVFSRBRDRPVYQEMWM 55
GGGCTGCTGCTTCTCCAGAGCATATCCAACGCCTCTCAAGGCCATGAAGACAATGACGAT IRIS]0)
G § @ F SRAYPTPLKAMKTMT I 75
CCCGAAGAACATCACCTCGGAGGCCACATGTTGTGTCGCAAAACACAGCTATGAGACAGAREGYAY)
P K W RIS Y A, TS A T E 95
GGTGGCCGGCATAAGGGTGAGAAACCACACAGACTGCCACT GCAGCACCTGCTATTTCCARER)

I 115
CQAG?TA7EMAGACGAGAAACCGGAGGAC ??9
* 7

Figure 2. The nucleotide sequence and putative amino acid sequence of GTHa
subunit of E. bruneus. The GTHoa cDNA of E. bruneus was isolated by DNA
Walking SpeedUp kit. It was 509 base pairs long, contains 351 base pairs of ORF
region encoding 117 amino acids, 136 base pairs of 5' UTR and 19 base pairs of 3'
UTR regions. Black box represents GHA (glycoprotein hormone alpha chain) domain
region, white boxs in the black box represent cystein residues. This sequence was
registered in the GenBank nucleotide database, under Accession No. EF583918.
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GACAGCTGCTACAGATGTTCACAGAGCAACAGAAGAAACAAGACGTGCAACTGAGGGTCC 60
AAGCAACAACGGAGCTCTACAGTATCTGACGTGAGACCTGCAGACGG768AGETGSTTST 120
5

CATGGCAGCAGTGCTGGCACTGGCGGGGGCGGGGCCGGGCTGCCACT CCGACIKEIYNIYI

M AAVLALAGAGPA G CH S D Chums
GACCAGCATCAGCATCCCTGTGGAGAGCTGCGGCCGCACCGAGTACATCTACACCACCAT

T S N ool N LS, "R T |
ATGTGAAGGACAGTGTTACCACAAGGATCCGGTCTACATCGGCCCTGATGACTGGGCTGA

@ EGQ@E@YHKDPVY |l GPDDWAE
ACAGAAAGTCTGCAACGGGGACTGGACCTATGAGGTGAAACACTTCCAAGGATGTCCAGT

I VAN F e, A7 G C LR
GGGCGTCACCTACCCTGTGGCCAGAAACTGCAAGT GCACGGCGTGTAACGCAGGAAACAG
GVTYPVARNIEKTRETARERNAGNT
SlnccccecHRRIeaIcCECTITNNMCHICNCTGTCCTTT TAAAGAAACCTGTC

Y ® G R F P G D | S S ¢ [Eu
CGTCCTACATTGACTTATTGTCTTTGTGTCACATGACTTAATATTAAAATAAACAGGTAT
CACTGTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 576

Figure 3. The nucleotide sequence and putative amino acid sequence of FSHf3
subunit of E. bruneus. The FSHP cDNA of E. bruneus was isolated by RACE. It
was 576 base pairs long, contains 360 base pairs of ORF region encoding 120
amino acids, 109 base pairs of 5' UTR and 107 base pairs of 3' UTR regions. Black
box represents GHB (glycoprotein hormone beta chain) domain region, white boxs in
the black box represent cystein residues. A putative polyadenylation signal
(AATAAA) is designated as bold. This sequence was registered in the GenBank
nucleotide database, under Accession No. EF583919.
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CCTGCAGACACTAGAGAGATGATGGCTGTACAGGTCGGCAGAGTGATGTTTCCTTTGATG 60
MMAVQV GRVYMFPLM 14
TTGAGTTTGTTTCTGGGAGCCTCATCTTCCATTTGGTCTCTGGCTCCTGCAGCGGCCTTC 120
L SLFLGASSS I WSLAPAAATF
acorcoeeee® GCCAGCTCATCAACCAGACAGTGTCTCTAGAGAAGGAAGGCT GTCCARISY)
NQTVSLEKTETG GE EHT®P 54

AAGT GTCACCCAGTGGAAACAACCATCTGCAGCGGTCACTGCATCACCAAGGACCCTGT ez
K 8 HP VETTI @S GHEITKDPYV 74
ATCAAGATACCATTCAGCAATGTGTACGAGCATGTGTGCACATACCGGGACT TTTACCACKSIN
S 7V W\ wmum. C (44 % | 94
AAGACATTTGAGCTTCCTGACTGTCCTCCCGGCGTGGACCCGACTGTCACCTACCCTGT G
K T FEEA L3 YR NP 47 8 W 114
GCTTTGAGCTGCCACTGCGGGCGCTGTGCCATGGACACATCTGACTGCACCTTCGAGAGC YY)

134
128
GCATTCAACACATTAATAAACTGGATTTACATTCAGCATCAACTGTTGTAAATAAAGATT 540
GTTACATTTACCAGTGAAAAAAAAAAAAAAAAAAAAAAA 579

Figure 4. The nucleotide sequence and putative amino acid sequence of LH[ subunit
of E. bruneus. The LHB cDNA of E. bruneus was isolated by RACE. It was 579
base pairs long, contains 444 base pairs of ORF region encoding 148 amino acids,
18 base pairs of 5' UTR and 114 base pairs of 3' UTR regions. Black box
represents GHB (glycoprotein hormone beta chain) domain region, white boxs in the
black box represent cystein residues. A putative polyadenylation signal (AATAAA) is
designated as bold. This sequence was registered in the GenBank nucleotide database,
under Accession No. EF583920.
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Figure 5. Alignment of amino acid sequences of the GTHo. (Common-a) subunit between E. bruneus and other fishes. The sites of
cysteine knot motif are indicated by black inverted triangles. The putative N-linked glycosylation sites are bold and black circles. The
sequence corresponding to putative structural regions are indicated by numbers and overlines with arrowheads (SP is the signal peptide
region, GHA is the glycoprotein hormone alpha chain domain region). Amino acid sequences used to alignment analysis were obtained
from Entrez (NCBI) : IgGTHa (longtooth grouper, EF583918), hkGTHao (hong kong grouper, AA043056), ogGTHa (orange spotted
grouper, AAN18038), cgGTHa (convict grouper, BAC78811), sIGTHo (swamp eel, AAN77069), pyGTHa (pejerry, AAN77068), stGTHa
(striped sea bass, AAB66489), euGTHo (european sea bass, AAK49431), rbGTHa (red seabream, BABI18562), ntGTHa (nile tilapia,
AAP49577), kfGTHa (killifish, AAB60605), zfGTHo (zebrafish, AAR84285), hnGTHo (human, NP_00076).
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Figure 6. Alignment of amino acid sequences of the FSHP subunit between E. bruneus and other fishes. The sites of cysteine knot
motif are indicated by black inverted triangles. The putative N-linked glycosylation sites are bold and black circle. The receptor binding
site are bold and italic type. The sequence corresponding to putative structural regions are indicated by numbers and overlines with
arrowheads (SP is the signal peptide region, GHB is the glycoprotein hormone beta chain domain region). Amino acid sequences used
to alignment analysis were obtained from Entrez (NCBI) : IgFSHP (longtooth grouper, EF583919), ogFSHp (orange-spotted grouper,
AAT79786), cgFSHP (convict grouper, BAC78812), euFSHP (european sea bass, AAN40506), stFSHP (striped sea-bass, AAC38035),
giFSHP (three spot gourami, AADS51934), shFSHP (snakehead, AASO01610), rbFSHP (red seabream, BABI18563), rfFSHP (rockfish,
AAU14141), bhFSHP (bastard halibut, AAKS58601), pyFSHP (pejerrey, AAP85606), ahFSHP (atlantic halibut, CAD10501), ntFSHP (nile
tilapia, AAP49575), kfFSHP (killifish, AAB59962), hnFSHB (human, NP_000501).

_18_



LHg

Figure 7. Alignment of amino acid sequences of the LHP subunit between E. bruneus and other fishes. The sites of cysteine knot motif
are indicated by black inverted triangles. The putative N-linked glycosylation sites are bold and black circle. The receptor binding site
are bold and italic type. The sequence corresponding to putative structural regions are indicated by numbers and overlines with
arrowheads (SP is the signal peptide region, GHB is the glycoprotein hormone beta chain domain region). Amino acid sequences used
IgLHB (longtooth grouper, EF583920), ogLHB (orange spotted grouper,
AF507939), cgLHB (convict grouper, AB111458), stLHB (striped sea bass, 150994), euLHB (ecuropean sea bass, AF543315), rbLHB (red
seabream, AB028213), rfLHB (rockfish, AY609080), ntLHB (nile tilapia, AY294016), giLHB (three spot gourami, Q9PW98), shLHp
(snakehead, AAS01609), pyLHB (pejerrey, AAP85607), ybLHB (yellowfin seabream, Q90225), skLHB (three spined stickleback,

to alignment analysis were obtained from Entrez (NCBI)
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CAD59185), bhLHfB (bastard halibut, BAB47388), zfLHfB (zebrafish, AAV31153), hnLHpB (human, NP_000885).
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2. Homology ¥2 % AEFE3A 4

Abe] o] GTHa AT91A= /80179 GTHa AT9Ale 98~99%9] &7
S HoFE v, ERuFe] GTHa 29 A9t 79~82%2] AeAdS HolFH,
A8 etg]F ol dEA Fojobs 77 57%9F 60%2 4EAS YERNATE (Table
3. B A T2E Uy AE (GHA) =vQl 99 vl #4 Az, s 79
100%9] F54S HAgFJa, 7hAuFols 81~83%, A Bty At
golebi= 717t 68%9t 62%2] FE/dS WERNATE (Table 4).

Zhakg] o] FSHB AT A= 540l 7< FSHBE Aw9iAlet 100%9] 4s54<
H|FE v 7] 2] FSHB 29l Al ek 65~69%2] dsAdS BTy,
BEude QR HojokE Zhzh 4199 39%9 we AEAS UEddY
(Table 3). B d s 22 HEl A& (GHB) =vl9l 99 ¥u 24 A3, 5
QoI FH9t 100%9] B4 HAFUI, 7 FoAE 63~70%, A HaT 9}
YEAE Folobs Z42; 42%9t 4190 W AEdE UERSIT (Table 4).

Zhakg] 9] LHB 4299 AlE TAo179 LHB 4299 Aet 97%9) A5A4S 1o
Fv 9, 7EE o] LHR A9 AI9 76~80%°] dsids HoFH, A He
A9k dEAF Fojoki= M7t 64%9 61%2 AEAHS YERNAT (Table 3).
gomd 22 WEe A& (GHB) E=Wel o9 v B4 Az, SAojFet
97~100%9] s BAFIIAL, 7HA Rl = 82~84%, A B etv4] st A&
b Zojol= ZH7t 65%<F 64%2 W FEd-S UERSITE (Table 4).

Ak 9] GTH 299 A5 oy £59 GTH 29945 1Ho ASH
AE FA Az, 2 Aol A Reld Aukele] GTH AvAES 44%
2ol B GTH &d9AEd 7HE 77be #ddAE vedilew, 2zt
9] GTHa, FSHB 183 LHB AT AE SR/ ol 15S IA4 3
(Fig. 6).
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Table 3. Overall amino acid identities of GTHa (common-a), FSHB and
LHB subunits between E. bruneus and other fishes.

Overall amino acid identity(%)

PRECIES GTHa FSHB LHB
E. coioides (orange spotted grouper) 99 100 97
E. septemfasciatus (seven band grouper) 98 100 97
P. major (red seabream) 93 66 87
C. maculata (snakeheadfish) 91 76 83
M. saxatilis (striped seabass) 90 IS 91
O. niloticus (nile tilapia) 38 61 85
D. labrax (european seabass) 38 74 91
S. schlegeli (rockfish) 38 66 90
P. olivaceus (bastard halibut) 82 69 76
H. hippoglossus (atlantic halibut) 79 65 80
A. anguilla (japanese eel) 60 39 61
D. rerio (zebrafish) 57 41 64
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Table 4. Domain regions identities of GTHa (GHA), FSHB (GHB) and LHB
(GHB) subunits between E. bruneus and other fishes.

Amino acid identity in glycoprotein

hormone domain regions(%)

Species
GTHa (GHA) FSHB (GHB) LHB (GHB)
E. coioides (orange spotted grouper) 100 100 100
E. septemfasciatus (seven band grouper) 100 100 97
P. major (red seabream) 98 65 95
C. maculata (snakeheadfish) 98 80 89
M. saxatilis (striped seabass) 98 73 95
O. niloticus (nile tilapia) 89 57 93
D. labrax (european seabass) 98 73 94
S. schlegeli (rockfish) 89 65 94
P. olivaceus (bastard halibut) 83 70 82
H. hippoglossus (atlantic halibut) 81 63 84
A. anguilla (japanese eel) 62 41 64
D. rerio (zebrafish) 68 42 65
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Figure 8. Phylogenetic relationships of GTH subunits between E. bruneus and other species. Thousand bootstrap repetitions were
performed, and values are shown at the inner nodes. Human thyroid-stimulating hormone common-a subunit was used as outgroup.
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GTHa®} LHB AT A1e] mRNA ¥& ®Hr}

(Fig. 9 C<} D).
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Figure 9. Histological observation of ovary and expression of GTH subunits of E.
bruneus. A and B : H-E stained view of immature (A) and mature (B) ovary from
E. bruneus. C and D : RT-PCR result of GTH subunits from pituitary of immature
and mature E. bruneus and mRNA expression level was compared with B-actin as
internal control (D). Og, oogonium ; PO, primary oocyte ; GV, germinal vesicle ;

VO, vitellogenic oocyte.
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4. A8 GTHs9 Southern hybridization 4

Ak GTH A29$AE] W3k southern hybridizations F33t7] $38}o]
=79 & AdaAE A3 genomic DNA ©HES ZF 2] &3}
A3t AR 2 A, Hindll2} PsAo] 212l ¥ genomic DNAO|A Z+zF 7kbe}

3.5kb A= A7]S zt= GTHa A99Ae] v W=7t vepbdS ghelabgla,

Hindll19} PsfA©] *2]¥ genomic DNA®|A Z+zt 7kbe} 1kb HEe] A7|E ZEe

FSHB A9l Ae] & whert vYebds SR1sklth B3k, EcoRIY Hindlll7F A

2]¥ genomic DNA°|A ZFZF 6kb$} 2.4kb AXEo] =7]|E zte= LHB 299 A

of g W=7 veEpES Flsklth (Fig. 10).
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Figure 10. Southem hybridization to GTH subunits of E. bruneus genomic DNA. The
one band obtained with each GTHs genes in different fractionated genomic DNAs
from E. bruneus. 3018 of DNA was digested with Hindlll (H), Pstl (P), and EcoRI
(E) restriction enzymes, then fractionated as agarose gel, respectively.
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2 AFelA FEE AEle] GTHe &A= & o759 GTHa 4299
AENA Yeys HEH 99 Jdumd =28 43 A& (glycoprotein
alpha chain domain; GHA) E=W¢l 99& >335t JRoem (Fig. 2), FSHB
9 LHB 299 A =3 gduwmd 2% wel AL (glycoprotein beta chain
domain; GHB) =d|el S ¥3t3tar A} (Fig. 3, Fig. 4). & o] &F
GTH A9 AE3 vug 23, 2pvte] GTH Ad9AE e EAjsks A2
A F7lE Wi BEHO Tt (Fig. 5). BEd Fa 724 542 N-linked
S n AL F-97F AukEle] GTHa aweiAlol A= 271, LHR &ehei Aol A
= UK7F &1 =90, GTHa 2w9Ale] A HAl N-linked =223 AlE 5
= 27+ HE-AGAAEHRE] oldTHA I H FEAGY Al T8
g o E BHauEo glom, o] Fo= F o AzHQ U)o HEA-E st
Aoz A S}t (Xia et al, 1994, Gen et al., 2000, Mateos et al., 2003,
Li et al, 2005). & AFolA %= #Autg] ¢ GTHa AT9Al= 3 ¥4 N-linked
LT AbE FHE AT F Y A2EHQU AV BEEHY e Ao
el HAt (Fig. 2). -9 HAFEES] FSHE 299 AIA = N-linked &
g AbE B9 BEXH o R EAsts Wi, Autkg] FSHE AwAdA =
N-linked Z2]31% AbE F-917F AojHo] e A= FAHJH (Fig. 6). ©]
A Ay d=olwel 2 7FAY] (atlantic halibut)e] FSHE AWAIS} 549
7 (FAsIake] e s/doPol e N-linked &8]aid AlE F-917F Aojd AL
2 Kol dXES WAt (Weltzien et al, 2003). webA, #putelE L g3k
TAolfe FSHB Aw9lAlol N-linked &2|ad A §-99] A7t +x24
Sdolet & Aot A, vE AT o7 N-linked &2]la1d A& H-9]ol
Ask= of27]d ofu| il Ao AR ofn=Abo] FA O FolA EAstE AL
2 Ho} O-linked &9 AbE F-97F EAY A2 FAHs= A A7t
B Ha Aot (Li et al, 2005).

2 AT #8]¥ AHke] GTHa, FSHB, Z18]32 LHB A9 A& Hjud
5 3o 2AETIuE] (B coioides)®t 54l (E. septemfasciatus)®] GTHa,

]

riN
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FSHB, 2¥]31 LHE AW AIeE 2h2} opw| it s /do]l 7 w2 A3E 1Al
on, Halg Awig] GTH 299AE 3He] 454de vl$ w39kt) (data not
show). T3 7le FA#A +4 ZAye|Ax zwkg]e] GTHa, FSHB, 18liL
LHB A9 AE5e 27 B715 0] clusterd FAs L, ol BFE TAHF
o} 77hE AFoR R HAh

AojFell Al Hag wpe] mEW FSHE Abe7|eb w92k P A 710 #d e
LHe HE3AA A2 A5 abaA 7)ol dadso] A2 F7]ed oA A=
oE Al7lel AHgskE Aow dEA Atk HToe doli B oid tE
AEAFEANAE o9 2 wd $dS Hehle= 3oR Wi gl
(Li et al., 2005).

Anpg] o] mAgs Al7|eF s Al7]A GTH 2TIAIES] mRNA #d st
& RT-PCRE &3l &9 & A¥, njAd% Al7ldl Z2be] GTHa, FSHB, 281
LHB A AIEe] 45 AZIRT 24 Jepds g1t (Fig. 9). "4
AatE] A e oA YElhE FSHBS LHB 299 A9 =& @3S FAFoHF
A "epuole] A Aol A TS B, o] s Ao H|Fo] & w, GTH
AGAAES AL T 7)o A8 AORE AtmErh k3 defyotE: ¥
et o FolA LHB 429 fAl= d=o] s s b9 atgte] 2 F sy

= FgAA A T, GAld A= Edo] HaHE AR dHA 4
t} (Yaron et al, 2001). Awvta] LHB H3F ALaA] HstEa] 22 A 743
Ao R YehE 32 A8 offFe Biel dxFs Kot

Aube] e Southern ¥4 A= GTHa, FSHB, 12l LHB ATgAIE<]
one-copyd< FeatiaL (Fig. 10), o1& shube] fadatel oair ¢tz 3ls o
B = JoR AlgEH, o)gt TE A g tE AFAF (Gen et
al., 2000; Mateos et al, 2003)NM= LA Hiu= i g

2 oAFolA EElE cDNAE©] Z47} GTHa, FSHB, 12]a1 LHE AT9A
cDNAQl Zo = FeiEflon, FAoF] & FA Autels o] &3 o]t 4

HE e ool AHA 14e AFetid J2A AREA HwdE Aom
=

f
A

AT
Ak ET g0, A4 Bd gAY mE 94 245 3 SHEO= &

Eatol A A @ AAAM A=+ ZEEE (GnRHs)o Ha e &4 So] A
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es wdshe Ao 4E A e AAH SEER AUAES AutE
Hetr Al =25 H RACEE &8 wdstivh. £8j¥ GTHa, FSHB, Z1#a LHP
299 A cDNAES dole Z+2 509 bp (117 a.a), 576 bp (120 a.a), 579
bp (148 a.a)th th& AEFEIS] AA ofv| =it A thate] 2 Ak
AL 45442 65~99% (GTHa), 50~100% (FSHPB), 18] 60~97% (LHB)
2 Yeuder. =3 uke] e GTHa A299A= 10719 A28 el 79 270
9] N-linked &8l AlE F97F REHoR EASTE Avtale] FSHB9}
LHB &9 AE Z42F 11719 12709 A28 27]17F REA o R EAL,
N-linked £8]11% AL 3917} FSHB AT Ao E dolso] It A5
ABA Ao A= Antgle] GTH avgAlEe] nialae] 479 15 3
AshS eIl Southern hybridization #4212l Adfo A= =ata]e] 2+ A&
A o] ¢ FAA 5 M S YERRIY. GTH 2994 mRNAS| 2&
S RT-PCRz #43F A3, v HstpAda A 2dss Aoz Hol
GTH7F A4 & Aol #ofshs o Hojzith

rr

Keyword: Gonadotropin hormone (GTH), Pituitary, N-linked glycosylation,

Southern hybridization, Grouper
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