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1. Intro duc tion

The reg u la tion of repro duc tion in tel e ost fish is a com plex pro-

cess involv ing the inter ac tion of a num ber of fac tors includ ing 

gon a do tro pin-releas ing hor mone (GnRH), go nado tro pins, gonadal 

hor mones, and other neu ro hor mones. GnRH is released by the 

hypo thal a mus and stim u lates the syn the sis and release of hypo phy-

sial gon a do tro pin hor mones (GTHs): fol li cle-stim u lat ing hor mone 

(FSH), and lutein iz ing hor mone (LH). The GTHs have two sub units: 

GTHa, which is com mon to FSH, LH and thy roid stim u lat ing hor-

mone, and a b sub unit which is spe cific to either FSH or LH. Pitu i-

tary LH stim u lates the syn the sis and secre tion of ste roid hor mones 

from the gonads, and FSH reg u lates both vitel lo gen e sis and sper-

mato gen e sis, thereby reg u lat ing ovar ian and tes tic u lar func tion 

in tel e osts (for review see: Ando and Ur ano, 2005). Thus, gonadal 

mat u ra tion is pri mar ily reg u lated by the brain–pitu i tary–gonadal 

axis, and GnRH plays a cen tral role in the reg u la tion of gonadal mat-

u ra tion and repro duc tion in fish and other spe cies.

To date, 15 GnRH iso forms have been iso lated from ver te brates, 

com pris ing a fam ily of highly con served, dec a pep tide neu ro hor-

mones respon si ble for the con trol and coor di na tion of repro duc-

tion in all ver te brates (Ka van ough et al., 2008). Typ i cally, sev eral 

forms of GnRH are co-expressed in the brain of ver te brates. The 

major ity of ver te brates stud ied to date express chicken GnRH-II 

(cGnRH-II), which appears to be largely ubiq ui tous. Sim i larly, sea 

bream, a prot an drous her maph ro ditic fish, express three forms 

of GnRH: salmon GnRH (sGnRH), cGnRH-II, and sea bream GnRH 

(sbGnRH) in the brain and gonads (Go thilf et al., 1995; Na bis si et 

al., 2000).

All GnRH forms iden ti fied have a primary gene struc ture, which 

is highly con served. GnRH is encoded as a prep ro-hor mone, con sist-

ing of a “sin gle pep tide”, directly fol lowed by the deca pep dide, and 

by a “GnRH-asso ci ated pep tide” (GAP) (Guil gur et al., 2006). Inter-

est ingly, extra-hypo tha lamic GnRH has been reported in the ova ries 

and tes tes of var i ous spe cies, includ ing the sea bream (And reu-Vie yra  

et al., 2005; Na bis si et al., 2000; Sov er chi a et al., 2007). It has been 

sug gested that GnRH is involved in the reg u la tion of gonadal func tion 

as an auto crine or par a crine reg u la tor (And reu-Vie yra et al., 2005; 

Leu ng and Steele, 1992), and direct actions of GnRH on the resump-

tion of oocyte mei o sis and effects on ste roi do gen e sis have also been 
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GnRH-II (cGnRH-II) by cDNA clon ing in the ovary of the black porgy. Black porgy gonadal devel op ment is 

divided into seven stages, involv ing sex change from male to female (imma ture tes tis, mature tes tis, tes-

tic u lar portion of mostly tes tis, ovar ian portion of mostly tes tis, tes tic u lar portion of mostly ovary, ovar ian 

portion of mostly ovary, and mature ovary). In the pres ent study, we inves ti gated the expres sion pattern 

of three GnRH molec u lar forms in the black porgy gonads at dif fer ent stages of gonadal devel op ment by 

quan ti ta tive poly mer ase chain reac tion (QPCR). The mRNA expres sions of sGnRH, sbGnRH and cGnRH-II 

were found to be higher in mature tes tis and ovary, com pared to gonads at dif fer ent stages of matu rity. 

The find ings sup port the hypoth e sis that the three forms of GnRH play impor tant roles in the reg u la tion 

of hypo tha lamic–pitu i tary–gonadal axis, and are likely involved also in gonadal devel op ment and sex 

change in black porgy.
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reported in gold fish (Hab i bi et al., 1988, 1989). Addi tion ally, gonadal 

GnRH appears to reg u late tes tic u lar and ovar ian apop to sis in gold-

fish and gilt head sea bream, which might be an impor tant fac tor in 

fol lic u lar as tre sia, con trol of sper mato gen e sis, and early sex dif fer-

en ti a tion in fish (And reu-Vie yra and Hab i bi, 2000; And reu-Vie yra  

et al., 2005; Sov er chi a et al., 2007). Na bis si et al. (2000) iden ti fied 

GnRH tran scripts in the gilt head sea bream dur ing the sex-change 

pro cess, sug gest ing that GnRHs may be involved in the par a crine/

auto crine reg u la tion of sea bream sex change from male to female. 

Despite these recent insights, the molec u lar mech a nism of gonadal 

sex change in prot an drous her maph ro ditic fish remains poorly 

under stood.

Black porgy, Acantho pag rus schle gel i (Perc i for mes, Spari dae), 

are marine prot an drous her maph ro dites that are widely dis trib-

uted and are of par tic u lar inter est for com mer cial aqua cul ture in 

parts of Asia includ ing Korea. These fish are func tional males for 

their first 2 years of life, but approx i mately 70% of black porgy 

change into females dur ing the third spawn ing sea son in their nat-

u ral envi ron ment.

The objec tive of this study was two fold: (1) To test the hypoth e-

sis that GnRH reg u lates induc tion of pitu i tary LH and FSH, and the 

subsequent increase in cir cu lat ing estra diol-17b (E2) lev els in imma-

ture black porgy (1-year-old). (2) To inves ti gate the expres sion of 

GnRH tran scripts dur ing the sex-change pro cess, with asso ci ated 

changes in pitu i tary GTHa, LHb and FSHb, and cir cu lat ing E2 lev els.

2. Mate ri als and meth ods

2.1. Exper i men tal fish

The study was car ried out on imma ture fish (51.0 ± 2.3 g, 1-

year-old), mature male (220 ± 14.2 g, 2-year-old), sex chang ing fish 

(489.2 ± 11.5 g, 3-year-old) and female black porgy (948.5 ± 51.6 g, 

4-year-old). The fish were cap tured in spawn ing period (May, 

water tem per a ture: 20 °C) and sex ual matu rity was deter mined via 

gonadal exam i na tion upon exci sion. Matu rity was des ig nated by 

the pres ence of mature ova and sperm. All fish were anes the tized 

in tri caine meth ane sul fo nate (MS-222, Sigma–Aldrich, St. Louis, 

MO, USA), prior to blood col lec tion. Blood was col lected from 

the cau dal vas cu la ture using a 3 ml syringe coated with hep a rin. 

Plasma sam ples were sep a rated by cen tri fu ga tion (4 °C, 10,000g, 

5 min) and stored at ¡80 °C until RIA anal y sis. Gonad and pitu i tary 

sam ples from black porgy at each gonad matu rity stage (imma ture 

tes tis, mature tes tis, tes tic u lar portion of mostly tes tis, ovar ian 

portion of mostly tes tis, tes tic u lar portion of mostly ovary, ovar ian 

portion of mostly ovary and mature ovary) were removed, imme di-

ately fro zen in liquid nitro gen and stored at ¡80 °C until the total 

RNA was extracted for anal y sis.

2.2. GnRHa treat ment

To estab lish that GnRH was active in black porgy, we first injected 

imma ture fish with GnRHa and mea sured pitu i tary expres sion 

of GTHa, LHb and FSHb, and asso ci ated changes in cir cu lat ing E2. 

GnRHa (des Gly10-[D-Ala6] LHRH eth yla mide, Sigma) was dis solved 

and diluted in 0.9% phys i o log i cal saline. After anes the sia, the fish 

were given an injec tion of GnRHa (0.2 lg/g, body weight, BW) at vol-

ume of 1 ll/g BW. After injec tion, pitu i tary and blood were sam pled 

from three fish at each of the fol low ing time peri ods: 0, 6, 12, 24, and 

48 h. Water tem per a ture was main tained 20 ± 1 °C dur ing the injec-

tion peri ods. All fish sur vived the exper i men tal peri ods.

2.3. Total RNA extrac tion and reverse tran scrip tion (RT)

Total RNA was extracted from gonad and pitu i tary of black 

porgy at the each gonad matu rity stages dur ing sex-change pro-

cess (imma ture tes tis, mature tes tis, tes tic u lar portion of mostly 

tes tis, ovar ian portion of mostly tes tis, tes tic u lar portion of mostly 

ovary, ovar ian portion of mostly ovary, and mature ovary) and pitu-

i tary (GnRHa treat ment fish), using the Tri zol method, accord ing 

to the man u fac turer’s instruc tions (Gib co/BRL, Grand Island, NY, 

USA). The con cen tra tion and purity of the RNA sam ples were deter-

mined by UV spec tros copy at 260 and 280 nm. About 2.5 lg of total 

RNA was reverse tran scribed in a total vol ume of 20 ll, using an 

oligo-d(T)15 anchor primer and M-MLV reverse trans crip tase (Bi o-

neer, Seoul, Korea) accord ing to the man u fac turer’s pro to col. The 

result ing cDNA was diluted and stored at ¡20 °C for use in a poly-

mer ase chain reac tion (PCR) and quan ti ta tive PCR (QPCR).

2.4. Iden ti fi ca tion of sGnRH, sbGnRH, and cGnRH-II cDNA

The prim ers used for three GnRHs ampli fi ca tion were designed 

using highly con served regions of other tel e ost fish; sGnRH for-

ward primer (59-GCA GAG TGA CGG TGC AGG TG-39), sGnRH 

reverse primer (59-CTT CCG GTC GAA AGG ACT GG-39), sbGnRH 

for ward primer (59-CCA CAG ACT TCA AAC CTC TGG-39), sbGnRH 

reverse primer (59-GTA CGT TCT GTG TCC GTT GT-39), cGnRH-II for-

ward primer (59-CTC GGC TGG TTT TGC TGC TC-39), and cGnRH-II 

reverse primer (59-CTC TTC TGG AGC TCT CTT GC-39). Total RNA 

was extracted from the gonads using a TRI zol kit (Gib co/BRL). PCR 

ampli fi ca tion was per formed using a 2£ Taq Pre mix I (Sol gent, 

Daes eon, Korea) accord ing to the man u fac turer’s instruc tions. PCR 

was car ried out as fol lows: ini tial dena tur ation at 95 °C for 2 min; 

40 cycles of dena tur ation at 95 °C for 20 s, anneal ing at 58 °C for 

40 s, and exten sion at 72 °C for 60 s; fol lowed by 7 min at 72 °C for 

the final exten sion. Ampli fied PCR prod ucts were pro cessed by 

elec tro pho re sis using a 1% aga rose gel con tain ing ethi dium bro-

mide (Bi ose sang, Sung nam, Korea). The PCR prod uct was puri fied 

and then cloned into a pGEM-T Easy Vec tor (Promega, Mad i son, 

WI, USA). The col ony formed by trans for ma tion was cul ti vated in 

DH5a (RBC Life Sci ences, Seoul, Korea) and then plas mid DNA was 

extracted using a Lab o Pass Plas mid DNA Puri fi ca tion Kit (Cosmo, 

Seoul, Korea) and Eco RI (Fer men tas, Han o ver, MD, USA). Based 

on the plas mid DNA, the sGnRH, sbGnRH, and cGnRH-II cDNA 

sequence data were ana lyzed using an ABI DNA Sequencer (Applied 

Bio sys tems, Fos ter City, CA, USA).

2.5. Rapid ampli fi ca tion of cDNA 39 and 59 ends (39 and 59 RACE)

For the PCR, total RNA was extracted from the gonads using a 

TRI zol kit (Gib co/BRL). Using 3 lg of total RNA as a tem plate, 39 
RACE cDNA and 59 RACE cDNA were syn the sized using a CapF ish-

ing™ full-length cDNA Pre mix Kit (See gene, Seoul, Korea). First-

strand cDNA syn the sis was con ducted using an oligo-(dT)18 anchor 

primer and a CapF ish ing™ adap tor (See gene).

Gene spe cific prim ers were selected from the PCR prod uct 

obtained by RT-PCR in the pres ent study. For the 39 RACE, the 50 ll 

of PCR mix ture con tained 5 ll of 39 RACE cDNA, 1 ll of 10 lM 39 tar-

get primer (59-CTG TGA ATG CTG CGA CTA CGA T-39), 1 ll of 10 lM 

39 RACE sGnRH-spe cific primer (59-GAG CTG GAG GCA ACC ATC 

AGA ATG ATG G-39), 1 ll of 10 lM 39 RACE sbGnRH-spe cific primer 

(59-GCT GTC AGC ACT GGT CCT ATG GAC TG-39), 1 ll of 10 lM 39 
RACE cGnRH-II-spe cific primer (59-CAA GAG GGA GCT GGA CTC 

TTT TGG CAC-39), and 25 ll of See Amp Taq Plus Mas ter Mix. PCR 

was car ried out for 40 cycles as fol lows: one cycle of dena tur ation 

at 94 °C for 5 min, dena tur ation at 94 °C for 40 s, anneal ing at 62 °C 

for 40 s, and exten sion at 72 °C for 60 s, fol lowed by one cycle of 

5 min at 72 °C for the final exten sion.

For 59 RACE, the 50 ll of PCR mix ture con tained 5 ll of 59 RACE 

cDNA, 1 ll of 10 lM 59 tar get primer (59-GTC TAC CAG GCA TTC GCT 

TCA T-39), 1 ll of 10 lM 59 RACE sGnRH-spe cific primer (59-CCA 

TCA TTC TGA TGG TTG CCT CCA GCT C-39), 1 ll of 10 lM 59 RACE 
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