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a b s t r a c t

Gon a do tro pin-releas ing hor mone (GnRH) plays a piv otal role in con trol of repro duc tion and gonadal mat-

u ra tion in tel e ost fish. To inves ti gate the action GnRH in black porgy (Acantho pag rus schle gel i), we exam-

ined the mRNA expres sion of GTH sub units (GTHa, FSHb, and LHb) in the pitu i tary as well as plasma 

estra diol-17b (E2) level fol low ing treat ment with a GnRH ana log (GnRHa) in imma ture fish. The expres-

sion lev els of GTH sub units mRNA and plasma E2 level were increased after GnRHa injec tion. We were 

also able to iden tify three GnRH forms: salmon GnRH (sGnRH), sea bream GnRH (sbGnRH) and chicken 

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.

© 2008 Else vier Inc. All rights reserved.
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.
 All rights reserved.
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 

http://www.sciencedirect.com/science/journal/00166480
http://www.elsevier.com/locate/ygcen
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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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Table 1

Prim ers used for ampli fi ca tion of QPCR

Genes DNA sequences Acces sion no.

sGnRH-F 59-GCG AGC AGC AGA GTG ACG-39 EU117212

sGnRH-R 59-TTC TCT TCC CAC CTG GTA GCC-39

sbGnRH-F 59-GGT GGT GAT GAT GAT GAT GAT GTC-39 EU099997

sbGnRH-R 59-AAT GTT GCC CAG CGT GTC C-39

cGnRH-II-F 59-GCT CGG GCT GCT CCT ATG-39 EU099996

cGnRH-II-R 59-CTC CTC TGA AAT CTC TGA TGT GC-39

GTHa-F 59-AAG ACG ATG ACG ATC CCG AAG-39 EF605275

GTHa-R 59-GTG TGG TTC CTC ACC CTT ATG C-39

FSHb-F 59-TGC CAT CCA ACC AAC ATC AGC-39 AY921613

FSHb-R 59-ATC CTC GTG GTA GCA CTG TCC-39

LHb-F 59-ACC AAG GAC CCA GTG ATG AAG AC-39 EU605276

LHb-R 59-GGG CGG ACA GTC AGG AAG C-39

b-actin-F 59-GGA CCT GTA TGC CAA CAC TG-39 AY491380

b-actin-R 59-TGA TCT CCT TCT GCA TCC TG-39
sbGnRH-spe cific primer (59-GTA CGT TCT GTG TCC GTT GT-39), 1 ll 

of 10 lM 59 RACE cGnRH-II-spe cific primer (59-GTG CCA AAA GAG 

TCC AGC TCC CTC TTG-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 final exten sion cycle of 5 min at 72 °C. Ampli fied PCR prod ucts 

were pro cessed by elec tro pho re sis in a 1% aga rose gel con tain ing 

ethi dium bro mide (Bi ose sang). The trans for ma tion was con ducted 

as the same meth ods men tioned above.

2.6. Phy lo ge netic anal y sis

Phy lo ge netic anal y sis was per formed on the amino acid 

sequences from full-length sGnRH, sbGnRH, and cGnRH-II cDNA 

from var i ous fishes. Amino acid sequences were aligned using 

the Bio Ed it Soft ware (Hall, 1999). Sequences used for com par i-

son and their Gen Bank acces sion num bers are as fol lows: sGnRH 

[black porgy sGnRH (EU117212, this paper), gilt head sea bream 

sGnRH (AF046799), red sea bream sGnRH (D26108), flat head 

mullet sGnRH (AY373449), Nile tila pia sGnRH (AB104863), spot-

ted weak fish sGnRH (AAV74403), blue fin tuna GnRH3 (ABX10868), 

Atlan tic croaker sGnRH (AAQ16503), Euro pean sea bass sGnRH 

(AF224280), cobia sGnRH (AY677173)], sbGnRH [black porgy 

sbGnRH (EU099997, this paper), red sea bream sbGnRH (D86582), 

gilt head sea bream sbGnRH (AF046801), Nile tila pia sbGnRH 

(AB104861), flat head mullet sbGnRH (AY373450), cobia sbGnRH 

(AY677175), blue fin tuna GnRH1 (EU239500), bar fin floun der 

sbGnRH (DQ074693), Euro pean sea bass sbGnRH (AF224279)], 

cGnRH-II [black porgy cGnRH-II (EU099996, this paper), gilt head 

sea bream cGnRH-II (U30325), rain bow trout cGnRH-II (AF125973), 

lake white fish cGnRH-II (AY245102), Nile tila pia cGnRH-II 

(AB104862), Atlan tic croaker cGnRH-II (AY324669), Euro pean sea 

bass cGnRH-II (AF224281), striped sea bass cGnRH-II (AF056313), 

blue fin tuna GnRH2 (EU239502), cobia cGnRH-II (AY677174), 

spot ted weak fish cGnRH-II (AY796309), bas tard hal i but cGnRH-II 

(DQ008580), bar fin floun der cGnRH-II (AB066359), and flat head 

mullet cGnRH-II (AY373451)], and chicken GnRH1 (X69491), and 

human GnRH1 (NP_000816) were used as the out group. The phy-

lo ge netic tree was con structed using the neigh bor-join ing method 

with the Mega 3.1 soft ware pack age (Cen ter for Evo lu tion ary Func-

tional Genom ics, Tempe, AZ, USA).

2.7. Quan ti ta tive poly mer ase chain reac tion (QPCR)

QPCR was con ducted to deter mine the rel a tive expres sion of 

three GnRH iso forms (sGnRH, sbGnRH, and cGnRH-II) and GTH sub-

units (GTHa, FSHb, and LHb) mRNA using total RNA extracted from 

the gonads and pitu i tary of black porgy, respec tively. Prim ers for 

QPCR were shown in Table 1. QPCR ampli fi ca tion was con ducted 

sim i lar to pre vi ous work (Nel son et al., 2007), using a Bio-Rad iCy-

cler iQ Mul ti color Real-Time PCR Detec tion Sys tem (Bio-Rad, Her-

cu les, CA, USA) and with the fol low ing con di tions: 0.5 ll of cDNA, 

0.26 lM of each primer, 0.2 mM dNTPs, Sybr green, and Taq poly-

mer ase in buffer (10 mM Tris–HCl [pH 9.0], 50 mM KCl, 1.4 mM 

MgCl2, 20 nM fluo res cein) to a total vol ume of 25 ll. QPCR was car-

ried out as fol lows: one cycle of dena tur ation at 95 °C for 5 min, 

35 cycles of dena tur ation at 95 °C for 20 s, anneal ing at 55 °C for 

20 s. Each exper i men tal group was run in trip li cate to ensure con-

sis tency. As an inter nal con trol, exper i ments were dupli cated with 

b-actin, and all data were expressed as the change with respect 

to the cor re spond ing b-actin cal cu lated thresh old cycle (Ct) lev els. 

All anal y ses were based on the Ct val ues of the PCR prod ucts. The 

Ct was defined as the PCR cycle at which the fluo res cence sig nal 

crossed a thresh old line that was placed in the expo nen tial phase 

of the ampli fi ca tion curve. After the PCR pro gram, QPCR data from 
three rep li cate sam ples were ana lyzed with anal y sis soft ware 

of the sys tem (Bio-Rad) to esti mate tran script copy num bers for 

each sam ple. The effi cien cies of the reac tions were deter mined by 

performing the QPCR. The effi cien cies were found to be as fol lows: 

b-actin = 96.3%, sGnRH = 94.2%, sbGnRH = 95.0%, cGnRH-II = 96.4%, 

GTHa = 93.8%, FSHb = 91.4%, and LHb = 92.2%. Also, to ensure that 

the prim ers ampli fied a spe cific prod uct, we per formed a melt 

curve, melt ing at only one tem per a ture.

2.8. Plasma param e ters anal y sis

Plasma estra diol-17b (E2) lev els were ana lyzed by radio im mu-

no as say (RIA) using E2 RIA kit (DIASO RIN, An tony, France).

2.9. Sta tis ti cal anal y sis

The data from each exper i ment were tested for sig nifi  cant dif-

fer ences using the Sta tis ti cal Pack age for the Social Sci ences soft-

ware pro gram (ver sion 10.0; SPSS Inc., Chi cago, IL, USA). One-way 

anal y sis of var i ance fol lowed by a post hoc multiple com par i son 

test (New man Keul’s multiple range test) was used to com pare dif-

fer ences in the data at a sig nifi  cance level of P < 0.05.

3. Results

3.1. Effects of GnRHa on pitu i tary mRNA expres sion of GTHa, FSHb, 

and LHb and cir cu lat ing E2 lev els

The time-related changes in pitu i tary expres sion of GTHa, FSHb, 

and LHb mRNA after treat ment with GnRHa are shown in Fig. 1. 

The GTHa mRNA was sig nifi  cantly increased at all time points with 

a max i mum at 24 h (approx i mately 10.9-fold higher than that of 

the con trol) and then decreased at 48 h post-GnRHa injec tion. 

The FSHb mRNA increased to a max i mum at 12 h (approx i mately 

6.4-fold higher than that of the con trol) and then decreased at 

the end of the exper i ment. On the other hand, the LHb mRNA was 

increased to approx i mately 2.0-fold higher than con trol fish by 6 h 

and remained high through the remain der of the exper i ment (up 

to 48 h).

The asso ci ated changes in plasma E2 caused by GnRHa treat ment 

are shown in Fig. 2. As expected, the plasma E2 level increased from 

9.0 ± 0.7 pg/ml at the start of the exper i ment to 21.1 ± 5.4 pg/ml after 

24 h, and reached a max i mum level of 44.7 ± 3.7 pg/ml by the end of 

the exper i ment (after 48 h).
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Fig. 2. The plasma estra diol-17b (E2) lev els by GnRHa injec tion in black porgy. Val-

ues with dis sim i lar let ters are sig nifi  cantly dif fer ent (P < 0.05) from each other. Val-

ues are means ± SD (n = 3).

Fig. 1. Expres sion of GTHa, FSHb and LHb mRNA in pitu i tary of black porgy using 

quan ti ta tive PCR by GnRHa injec tion. About 2.5 lg of total RNA prepared from 

gonad was reverse tran scribed and ampli fied using gene-spe cific prim ers. Results 

are expressed as nor mal ized fold expres sion with respect to b-actin lev els for the 

same sam ple, and the mean value of the con trol was set to 1. Val ues with dis sim i lar 

let ters are sig nifi  cantly dif fer ent (P < 0.05). Val ues are means ± SD (n = 3).
3.2. Iden ti fi ca tion of three GnRH forms

Prim ers for GnRH were designed based on sequence infor ma-

tion avail able in sea bream, since as in black porgy, this spe cies is 

a mem ber of the fam ily Spari dae. RT-PCR was used to clone frag-

ments of sGnRH, sbGnRH, and cGnRH-II cDNA using total RNA. 

Sin gle PCR prod uct of the expected sizes (sGnRH; 239 base pairs 

[bp], sbGnRH; 276 bp, and cGnRH-II; 241 bp) were obtained. A PCR-

based clon ing strat egy (PCR fol lowed by 39 and 59 RACE) was used 

to clone full-length cDNA encod ing three GnRH forms.

The full-length sGnRH cDNA con tained 273 nucle o tides, includ-

ing an open read ing frame (ORF) that was pre dicted to encode a 

pro tein of 90 amino acids (Gen Bank Acces sion No. EU117212), the 

full-length sbGnRH cDNA con sists of 291 nucle o tides, includ ing 

an ORF that was pre dicted to encode a pro tein of 96 amino acids 

(EU099997), and the full-length cGnRH-II cDNA con tained 258 

nucle o tides, includ ing an ORF that was pre dicted to encode a pro-

tein of 85 amino acids (EU099996).

Using the blast algo rithm (Blastp) of the National Cen ter for Bio-

tech nol ogy Infor ma tion, we found that GnRHs amino acids dis play 

high iden tity with those of other spe cies. The amino acid sequences 

of three GnRH forms were com pared to those deduced from the 

cDNA of other tel e ost spe cies (Fig. 3). The amino acid sim i lar i ties 

between the prep ro-hor mones were as fol lows: sGnRH; 100% with 

gilt head sea bream sGnRH, 98% with red sea bream sGnRH, 95% 

with blue fin tuna GnRH3 and 90% with spot ted weak fish sGnRH, 

sbGnRH; 87% with red sea bream sbGnRH, 74% with blue fin tuna 
GnRH1, 65% with flat head mullet sbGnRH, and 63% with Euro pean 

sea bass sbGnRH, cGnRH-II; 98% with gilt head sea bream cGnRH-II, 

96% with blue fin tuna GnRH2, 96% with spot ted weak fish cGnRH-

II, and 95% with Nile tila pia cGnRH-II.

The three GnRH cDNAs found in black porgy all con sisted of the 

char ac ter is tic sig nal pep tides (sGnRH; 1–23 res i dues, sbGnRH; 1–26 

res i dues, and cGnRH-II; 1–26 res i dues), spe cific GnRH amino acids 

(sGnRH; 24–33 res i dues, sbGnRH; 27–36 res i dues, and cGnRH-II; 24–

33 res i dues), enzy matic pro cess ing site (Gly-Lys-Arg [G-K-R], sGnRH; 

34–36 res i dues, sbGnRH; 37–39 res i dues, and cGnRH-II; 34–36 res i-

dues), and GnRH-asso ci ated pep tides (GAP) (sGnRH; 37–90 res i dues, 

sbGnRH; 40–96 res i dues, and cGnRH-II; 37–85 res i dues).

3.3. Phy lo ge netic anal y sis

The phy lo ge netic tree obtained by clus tal anal y sis of the 

sequences described below is shown in Fig. 4. Phy lo ge netic anal-

y sis indi cated a strong rela tion ship among the same GnRH forms. 

There fore, based on this data, we des ig nated the names of the 

three black porgy GnRH forms. It is also impor tant to note that the 

black porgy GnRHs were the most closely related to fel low mem-

bers of the Perc i for mes order, the gilt head sea bream (sGnRH and 

cGnRH-II) and red sea bream (sbGnRH).

3.4. Expres sion of sGnRH, sbGnRH, and cGnRH-II mRNA through out 

the sex-change pro cess

Since GnRH has been impli cated in the sex-change pro cess in 

sea bream (Na bis si et al., 2000; Sov er chi a et al., 2007), we inves ti-

gated the gonadal expres sion of the newly iden ti fied GnRH forms 

through out sex change (Fig. 5). QPCR anal y sis revealed that the 

expres sion pat terns between the three GnRH forms were very sim-

i lar through out the life cycle of black porgy. Spe cifi  cally, all three 

iden ti fied GnRH forms were higher in mature tes tis and mature 

ovary than in either imma ture gonads or sex-switch ing gonads. 

sbGnRH and cGnRH-II tran scripts were sig nifi  cantly higher in 

mature ova ries than in tes tis, while sGnRH tran scripts were sim i-

lar between mature tes tis and mature ova ries.

3.5. Expres sion of GTHa, FSHb and LHb mRNA in pitu i tary, and 

cir cu lat ing E2 lev els through out the sex-change pro cess

In an effort to cre ate a com pre hen sive frame work of phys i o log i-

cal changes dur ing the sex change pro cess, we inves ti gated asso ci-

ated changes in pitu i tary GTHa, FSHb, and LHb mRNA expres sion, 

as well as plasma E2 lev els. GTHa mRNA was found to be the low-

est in imma ture fish, with higher expres sion noted in mature male 

tes tis, sex-switch ing fish and fish with mature ova ries (Fig. 6). 

Pitu i tary FSHb expres sion was the high est in mature males with 
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Fig. 3. Com par i son of the amino acid sequence of sGnRH (A), sbGnRH (B), and cGnRH-II (C). The sequences were taken from the Gen Bank/EMBL/DDBJ sequence dat abases. 

The amino acid sequences of black porgy sGnRH (bpsGnRH, this paper, EU117212), gilt head sea bream sGnRH (gssGnRH, AF046799), red sea bream sGnRH (rssGnRH, D26108), 

blue fin tuna GnRH3 (btGnRH3, ABX10868), spot ted weak fish sGnRH (swsGnRH, AAV74403), black porgy sbGnRH (bpsbGnRH, this paper, EU099997), red sea bream sbGnRH 

(rssbGnRH, D86582), blue fin tuna GnRH1 (btGnRH1, EU239500), Euro pean sea bass sbGnRH (ess bGnRH, AF224279), flat head mullet sbGnRH (fmsbGnRH, AY373450), 

black porgy cGnRH-II (bpcGnRH, this paper, EU099996), gilt head sea bream cGnRH-II (gscGnRH, U30325), blue fin tuna GnRH2 (btGnRH2, EU239502), Nile tila pia cGnRH-II 

(ntcGnRH, AB104862), and spot ted weak fish cGnRH-II (swcGnRH, AY796309) opti mally aligned to match iden ti cal res i dues, indi cated by the shaded box. The enzy matic 

pro cess ing site (GKR) is boxed.
inter me di ate lev els in imma ture fish and fish with mostly tes tic-

u lar gonads, and lower lev els as fish switch to hav ing mostly ovar-

ian and com pletely ovar ian gonads (Fig. 6). LHb mRNA started off 

low in imma ture fish, increased by »3-fold in mature tes tes, was 

reduced again as the gonads started to switch but then increased 

again as the gonads increased on ovar ian char ac ter, with the high-

est pitu i tary expres sion in mature females (Fig. 6).

Plasma E2 lev els were shown Fig. 7 and high est in mature female. 

It was found to be low in imma ture male fish (9.46 ± 1.6 pg/ml) 

increased slightly in mature males (10.45 ± 1.48 pg/ml), decreased 

again at the begin ning of the sex change, ris ing as more ovar ian con-

tent was observed (switch ing mostly tes tis: 5.0 ± 0.4 pg/ml, switch-

ing mostly ovary gonad: 6.0 ± 1.4 pg/ml) and dra mat i cally increased 

to a max i mum of 705.6 ± 70 pg/ml in mature females (Fig. 7).

4. Dis cus sion

It is well estab lished that in ver te brates, includ ing tel e osts, 

hypo tha lamic GnRH plays a piv otal role in the reg u la tion of ste-
roi do gen e sis and ovu la tion by medi at ing the syn the sis and release 

of the GTHs. Spe cifi  cally GnRH ago nist treat ment was found to 

increase GTHa and LHb mRNA expres sion in striped sea bass (Has-

sin et al., 1998), sock eye salmon (Ando and Ur ano, 2005) and coho 

salmon (Dic key and Swan son, 2000). The two native forms found in 

gold fish sGnRH and cGnRH-II increased GTHa, LHb and FSHb above 

con trol lev els in vivo and in vitro (Hug gard-Nel son et al., 2002;  

Klau sen et al., 2002). In the related red sea bream, GnRHa increased 

the mRNA expres sion lev els for the GTH sub units as well as plasma 

E2 lev els (Ku mak ura et al., 2004). Here, we found that the mRNA 

expres sion of all three GTH sub units increased in the pitu i tary. 

Addi tion ally, asso ci ated increases in plasma E2 lev els were also 

observed after GnRHa treat ment in imma ture black porgy. These 

data sug gested that GnRHa directly increased the expres sion lev els 

of GTH sub units mRNA in the black porgy pitu i tary.

Full-length GnRH cDNA was iso lated in the mature ova ries of 

black porgy and the amino acid sequences for the three GnRH 

forms are highly sim i lar to those of other fish spe cies. Many stud-

ies have shown the same gen eral orga ni za tion for GnRHs, with 



 K.W. An et al. / General and Comparative Endocrinology 159 (2008) 38–45 43

Fig. 4. Phy lo ge netic tree based on an amino acid align ment for sGnRH, sbGnRH, and cGnRH-II in tel e ost fish. Boot strap val ues (%) are indi cated 1000 rep li cates. The num-

ber asso ci ated with each inter nal branch is the local boot strap prob a bil ity. Gen Bank acces sion num bers of the sequences are: black porgy sGnRH (bpsGnRH, this paper, 

EU117212), gilt head sea bream sGnRH (gssGnRH, D26108), flat head mullet sGnRH (fmsGnRH, AY373449), Nile tila pia sGnRH (ntsGnRH, AB104863), spot ted weak fish sGnRH 

(swsGnRH, AAV74403), blue fin tuna GnRH3 (btGnRH3, ABX10868), Atlan tic croaker sGnRH (acs GnRH, AAQ16503), Euro pean sea bass sGnRH (ess GnRH, AF224280), cobia 

sGnRH (csGnRH, AY677173), black porgy sbGnRH (bpsbGnRH, this paper, EU099997), red sea bream sbGnRH (rssbGnRH, D86582), gilt head sea bream sbGnRH (gssbGnRH, 

AF046801), Nile tila pia sbGnRH (ntsbGnRH, AB104861), flat head mullet sbGnRH (fmsbGnRH, AY373450), cobia sbGnRH (csbGnRH, AY677175), blue fin tuna GnRH1 (btGnRH1, 

EU239500), bar fin floun der sbGnRH (bfsbGnRH, AB066360), bas tard hal i but sbGnRH (bhsbGnRH, DQ074693), Euro pean sea bass sbGnRH (ess bGnRH, AF224279), black 

porgy cGnRH-II (bpcGnRH, this paper, EU099996), gilt head sea bream cGnRH-II (gscGnRH, U30325), rain bow trout cGnRH-II (rtcGnRH, AF125973), lake white fish cGnRH-II 

(lwcGnRH, AY245102), Nile tila pia cGnRH-II (ntcGnRH, AB104862), Atlan tic croaker cGnRH-II (ac cGnRH, AY324669), Euro pean sea bass cGnRH-II (esc GnRH, AF056313), 

blue fin tuna GnRH2 (btGnRH2, EU239502), cobia cGnRH-II (ccGnRH, AY677174), spot ted weak fish cGnRH-II (swcGnRH, AY796309), bas tard hal i but cGnRH-II (bhcGnRH, 

DQ008580), bar fin floun der cGnRH-II (bfcGnRH, AB066359), flat head mullet cGnRH-II (fmcGnRH, AY373451), chicken GnRH1 (X69491), and human GnRH1 (NP_000816).
regions for the sig nal pep tide, spe cific GnRH amino acids, an 

enzy matic pro cess ing site, and GAP pres ent in all spe cies (Guil-

gur et al., 2006). Com par i son of amino acid sequences of three 

black porgy GnRH forms with other fish spe cies revealed that the 

black porgy spe cific GnRH amino acids and enzy matic pro cess ing 
site were sim i lar to other fish (Ama no et al., 1997; Guil gur et al., 

2007) (Fig. 3). There fore, based on the spe cific GnRH amino acid 

sequences, the pres ent study dem on strates the pres ence of three 

forms of GnRH, includ ing sGnRH, sbGnRH, and cGnRH-II in black 

porgy.
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Fig. 6. Expres sion of GTHa, FSHb, and LHb mRNA in pitu i tary of black porgy by quan-

ti ta tive real-time PCR. About 2.5 lg of total RNA prepared from pitu i tary was reverse 

tran scribed and ampli fied using gene-spe cific prim ers. Results are expressed as nor-

mal ized fold expres sion with respect to b-actin lev els for the same sam ple. Matu-

rity stages were divided into five stages dur ing the sex-change pro cess from male to 

female (I, imma ture tes tis; II, mature tes tis; III + IV, mostly tes tic u lar gonad; V + VI, 

mostly ovar ian gonad; VII, mature ovary). Val ues with dis sim i lar let ters are sig nifi -

cantly dif fer ent (P < 0.05). Val ues are means ± SD (n = 3).

Fig. 5. Expres sion of sGnRH, sbGnRH, and cGnRH-II mRNA in gonad of black porgy 

by quan ti ta tive real-time PCR. About 2.5 lg of total RNA prepared from gonad was 

reverse tran scribed and ampli fied using gene-spe cific prim ers. Results are expressed 

as nor mal ized fold expres sion with respect to b-actin lev els for the same sam ple. 

Matu rity stages were divided into seven stages dur ing the sex-change pro cess from 

male to female (I, imma ture tes tis; II, mature tes tis; III, tes tic u lar portion of mostly 

tes tis; IV, ovar ian portion of mostly tes tis; V, tes tic u lar portion of mostly ovary; VI, 

ovar ian portion of mostly ovary; VII, mature ovary). Val ues with dis sim i lar let ters 

are sig nifi  cantly dif fer ent (P < 0.05). Val ues are means ± SD (n = 3).
Phy lo ge netic anal y ses sug gest that the three GnRH forms have 

likely derived from the same gene and that they are most closely 

related to the gilt head sea bream and the red sea bream of the Spari-

dae fam ily. We also dem on strate that each of the three GnRHs was 

well con served among other fish spe cies (Fig. 4).

A num ber of stud ies have shown the expres sion of GnRH mRNA 

in the gonads of ver te brates includ ing tel e ost fish [for exam ple: 

gilt head sea bream; (Na bis si et al., 1997, 2000), rat (Gou bau et 

al., 1992), rain bow trout (Uzbek ova et al., 2001), and the gold fish 

(And reu-Vie yra et al., 2005; Pati and Hab i bi, 1998)]. How ever, few 

stud ies have exam ined the role of GnRHs in sex dif fer en ti a tion and 

sex change in fish. Spe cifi  cally, And reu-Vie yra et al. (2005) dem-

on strated that GnRH may be an impor tant medi a tor of apop to sis 

and subsequent regres sion of the tes tis in the gold fish, a sea sonal 

spawner. In the her maph ro dite the gilt head sea bream, Sov er chi a 

et al. (2007) reported higher lev els of GnRH mRNA in nascent ova-

ries than in mature regress ing tes tes and the tes tic u lar portion of 

the switch ing gonad. There fore, in order to bet ter char ac ter ize the 

potential roles of GnRH in the black porgy sex-change pro cess, we 

per formed QPCR to exam ine the expres sion pat terns of gonadal 

GnRH mRNA expres sion dur ing the sex-change pro cess. The mRNA 

tran script lev els of all three forms of GnRH were found to be high 

in mature tes tes and ova ries. How ever, in com par i son, imma ture 

gonads and gonads through out the switch ing pro cess had very low 

GnRH mRNA lev els. These results are in accor dance with pre vi ous 

evi dence that GnRH mRNA was reduced in switch ing tes tis com-

pared to mature tes tis, and gen er ally high est in the mature ovary 

of the gilt head sea bream (Sov er chi a et al., 2007). Our results for 

black porgy, dem on strate a sig nifi  cant decrease in GnRH tran script 

through out the sex-change pro cess. There fore, our evi dence sug-
gests that the three GnRH forms may play crit i cal roles in the sex-

change pro cess of this group of sequen tial her maph ro dites. The 

high lev els in mature tes tis may help main tain the cor rect ratio of 

Ser toli cells and gametes through the stim u la tion of apop to sis in 

the tes tes (Lee et al., 1997, 1999; Sov er chi a et al., 2007).

Since the sex change likely involves sev eral endo crine fac tors 

on a multi-level scale, we also exam ined the pattern of mRNA 

expres sion for the pitu i tary GTH sub units through out the sex 

change. FSHb mRNA expres sion was high in the pitu i tary of mature 

males, drop ping slightly at the onset of the sex change and hav-

ing sig nifi  cantly lower lev els as the gonads became mostly ovar-

ian. Sim i larly, LHb mRNA expres sion was high in the pitu i tary of 

mature males and dropped sig nifi  cantly after the sex change was 

ini ti ated. How ever, it then increased as the gonads became more 

ovar ian, with the high est val ues in mature females. The com mon 

a sub unit (GTHa) was low in imma ture fish, but then increased 

and remained high through out the adult life cycle. There fore, it is 

likely that FSH and LH also have impor tant roles in the sex-change 

pro cess. Indeed the pro file for plasma LH in sex-switch ing black 

porgy is dis tinct from non-switch ing males (Lee et al., 2001). Treat-

ment with exog e nous E2 has been shown to induce sex change (for 

review see: Lee et al., 2001), and GnRHa treat ment has been shown 

to reg u late a gonadal estro gen recep tor (Choi et al., 2007), impli-
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Fig. 7. The plasma estra diol-17b (E2) lev els dur ing sex change of black porgy. (I, 

imma ture tes tis; II, mature tes tis; III + IV, mostly tes tic u lar gonad; V + VI, mostly 

ovar ian gonad; VII, mature ovary). Val ues with dis sim i lar let ters are sig nifi  cantly 

dif fer ent (P < 0.05) from each other. Val ues are means ± SD (n = 3).
cat ing E2 as a potential medi a tor of sex change. How ever, we find 

that plasma E2 slowly increases as the gonads switch, with the only 

sig nifi  cant increase in con cen tra tion found in mature ova ries. This 

result is in accor dance with pre vi ous stud ies of prot an drous sea 

bass (Guig u en et al., 1993) and anem one fish (God win and Thomas, 

1993), both of which reported that plasma E2 lev els were high est 

in mature females. This would cor re spond to more ovar ian tis-

sue avail able to syn the size E2. There fore, while exog e nous E2 can 

induce sex change, endog e nous E2 is likely the result of increased 

ovar ian tis sue, not the ini tial sig nal for sex change.

In sum mary, GnRHa was found to stim u late the expres sion of 

the pitu i tary go nado tro pins and increase plasma E2. Sub se quently, 

three forms of GnRH (sGnRH, sbGnRH, and cGnRH-II) cDNA were 

iso lated from the ova ries of mature female black porgy. Using 

QPCR, the mRNA expres sion of the three GnRH forms in the gonad 

and GTHs in the pitu i tary were com pared at each stage of the sex-

change pro cess. Our results indi cate a high level of GnRH expres-

sion in the mature tes tes and ova ries, from which we deduce that 

GnRHs play an impor tant role in gonadal devel op ment and mat-

u ra tion. Addi tional stud ies will be nec es sary to deter mine the 

pre cise roles of the gonadal GnRHs and pitu i tary GTHs in gonadal 

devel op ment, mat u ra tion, and sex change. The results of this study 

pro vide a frame work for future work inves ti gat ing sex change as 

a multi-endo crine level med i ated pro cess in the black porgy and 

other sequen tial her maph ro dites.
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