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of Sex Steroid Hormones, in Nile Tilapia Oreochromis niloticus
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Abstract : In many fish species, including Nile tilapia (Oreochromis niloticus), gonadal development
occurs at the expense of stored energy and nutrients. Therefore, reproductive systems are inhibited by
limited food supply. It has been well established that reproductive function is highly sensitive to both
metabolic status and energy balance. Nothing is known about the possible mediated connection between
energy balance and reproduction. Kisspeptin, a neuropeptide product of the Kiss gene has emerged as an
essential gatekeeper of reproduction and may be possibly be linked to energy balance and reproduction in
non-mammalians. Thus, in this study, the effect of fasting (10 days) on the expression of kisspeptin and the
gonadotropin-releasing hormone (GnRH) gene were assessed in Nile tilapia (male and female) using qRT-
PCR. In addition, plasma levels of estradiol-17f (E,) and 11-ketotestosterone (11-KT) in adult tilapia were
measured by ELISA. In male tilapia, fasting reduced Kiss2 and GnRH I mRNA expression in the brain and
11-KT level in comparison with the fed tilapia (p <0.05). In females, however, there were no significant
differences in GnRH I mRNA expression and E, between fish subjected to fasting and those fed (p > 0.05).
These data indicate the impact of nutritional states on kisspeptin as a potential regulatory mechanism for the
control of reproduction in male Nile tilapia.
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FeE HAL SR, BT
71 )l ¥H&3sk 7+ oA 2] A]’dsHE7F Gonadotropin-
Releasing Hormone(GnRH)E #H]|ro 24 ZHET} Al
’33H-(hypothalamus)ol| A 4%l GnRH+= | &FrA] A
9 (anterior pituitary)°l] $1%]3F GnRH 4835 24314
713, F 572 A4E YE gonadotropin(GTH)$! Follicle
Stimulating Hormone(FSH)3} Luteinizing Hormone(LH)
o] RS 2EFoRA A4 g B sl Fgh
ok olgfst A e g2 243 (somatic growth)ell ©]
SEE o |qR|7F A2l A v Bl W2 SES 98 4
He AElerd 34O 2 (Taranger et al. 2010) 23 of
YA 7 @€t wabs] F5-8F ol 35 4 s
FES F e vh, o] Fgo] dgehA] ek A
AaS WsE 4= Aok (Schneider 2004).

ol#] &34 (homeostasis)Z 2] 342] A= Thesh
HAFFENA JSEHAHMircea et al. 2007). LFH F
(ratsy= ©717F Aol <5 LHE 254 (pulsatile) #H]
7} A= 3L (Cagampang et al. 1991; Kohsaka et al.
2001), mAd<g AL FolA A717F AAe A ASHA
3] 5} th(Castellano et al. 2005). o172 -5 42
A|B2}3]< (zebra fish, Danio rerio)2] GnRH H mRNA
7+ AA] Z tH(Nishiguchi et al. 2012). o]Z2 % o]
Aol HAste a3 Y aclom 285,
7 Hol o] FE PRI AAHEH A ZHlol] €]
o 7FsAdo] ETH(Hoskins et al. 2008). 221t
F ok GnRH #H] Atelol] EAjete Alse] a7l
StdslA] oF
H2 4 7§LH—1—H] Aol A kisspeptin©] -5 RF

. Kisspeptin Kiss 4] Al32] translation]
o)) RFEOA|E peptidec]th. o] E A Lol Hol7t A
ojux] = GHE oA TAEATHLee et al.
1996). ©]F kisspeptin Thr9] o} 79} Ef-FollAl L +
z7h g3l on 7)ol thEk vhbst A7 R = T
I A3} AEFE EFT thdd HFFE2 GnRH,
GTH 2 AHFSHP and LHP) &334 2 GTHE W&S
AFEhe 7333 2EAo] WK th(Biran et al. 2008;
Filby et al. 2008; Felip et al. 2009; Kitahashi et al. 2009;
Lee et al. 2009; Li et al. 2009).

ERFF AT F7HH S =E kisspeptin®] G F}
AL 5 T8 A 7s=3 ddEo] dsol &<l
T THA] (Messager et al. 2005; Patterson et al. 2006; Dhillo
et al. 2007; Roa and Tena-Sempere 2007), ®o] &5}
WAl s AAdveE|ER 28 7psAlo] Ytk By
I cH(Popa et al. 2008). A2 Ef-Fol ik 2 AT
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= SAE o] A8 Kissl Ak TS 7
A A Y(Castellano et al. 2005; Iwasa et al. 2010). ©]<}
248 AT AFHE2 kisspeptin®] o] &Fo] ofs] 2
Ho o]E Faf WA TS MH F Ues vE
ot e A57kA] A7 A 35S d 2 o] Mg
X Fgo|u = A2 o] kisspeptin A W ol
NA e YIS U2 g2 A3 AE0loA, E—]z\_l
kisspeptin — GnRH — sex steroidZ ©|o|X|= 94 A
= ¢ ¥l AisiA] Xakdlnt. 3 o 7Y o"r°ﬂ% H
2] &5 83 9&E Sh= kisspeptingt Ho| &5
o] AW s BEAA| ol A "ol A
7]€t}.

mEbA] 2 AFMe ok AFEEY dTE A A

JojF oz de] ARH A= YUY detu|ol(Nile tilapia,
Oreochromis niloticus)& ©]-83l Ao 2 A3l
Kiss2¢} GnRH 1 32 2&d Ws) 28]a 5 A 2H|
2ol s HelE I AT

2. A5 9wy

Ao
Aol & 27+ 1°C, F57] 14L:10D 2719 8
AFA| 2ol AR U "Ety]o Aof(dh: A%

14.1£0.9 cm, A5 56.7+74 g, ’“: A% 144+ 1.4 cm,
AF 55.4+7.6 g)5 AHESINTE oFF U Dol &

T 43 Aol o] Folxl A E(E A =20, FA =20y
ARSI Hole 1Y 23] 98 AR E o
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oIt
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A FAS 4 F OAF0E U] ¢ 252 4
o] T F 104 & FAAATE 10Y <t d2ls A4A
67kl A (k)N A 14 st & 28 H A4S
Atk o & 252 1Y 23] 4E-& s E
THEo R 10 F<t J—:L”}-T’— Hol I 1084 S
A 2H7E erteld HeleAlE X3 o 2AE AEs)
o] H2gk JHA¢}F Bl wakgit.

BE A3l ¥ 272 HF]E benzocaine(50 ppm)
of i3t &3, total RNAE F+Z317] 213l
F= A7A —70°CollA Bstginh. gk Ao 3 W
estradiol-17p(E)9} =31¢] &3 W 11-ketotestosterone(11-
KT)E ZAF8H7] $18 ¥ 22 % A9 heparin sodium
g FA1(1 mLyE AHE-3te kol A s Al

l‘

el
Fotdeh. AF T A2 g2 471 Sl AT @°C
o4 1000 x g& 308-7H) slith dojxl dgo BA A
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7 —70°CelA) BTk A7 B9t APole %
o] HA] Ago A =2 27+ 1°C, 3FF7] 14L:10D =4

oFel AR 3T,

RNA & 3 cDNA 34

Total RNAE TRI reagent®(Molecular Research Center
Inc., USA)YE AH&-ste] FEsI3t). A&3 HE 50 mL
conical tubed] 3., 1mLe TRI reagents %
homogenizer(T 10, IKA, China)Es ©]&3}l] A5 $JollA
Z2As Eeinh. 249 4 § AolA 587 A
SISt} 2 the, chloroform(Sigma. Inc., USA) 200 uL2
A71ste] ZSHA vortexing@t -, A-2-0|4 5ETF HH-SA|
Zitk. o] F 4°ColA 12,000 x g2 155-7F QAR e,
RNAZ} 2234 aqueous phaseE 2 ZHojulo] A FHo
ST RNAZF S0+ A FHoll 300 uLe isopropanol
(Sigma. Inc., USA)S 27, inverting 3 2 2ofA] 10%7}
HHRSAIZITE 2 T 4°CellA] 12,000 x g2 87+ Al
2]5to] RNA pellets Wil 4SS A A & wash?t
A& AA total RNAE LAt 53 total RNA= RQI
RNase-free DNase(Promega, USA)= *] 2|3} genomic
DNAI 13k Q A7Fs7d& 43}l o] total RNA
(1 ug)2t M-MLV(Moloney Murine Leukemia Virus) reverse
transcriptase(Promega, USA), oligo (dT);s primer(Promega,
USA)E ©| 83t cDNAE 33kt

-

424 ¥ GnRH I ¥ Kiss2 mRNA 233 2

¥ ZZelA GnRH I3} Kiss2 34} 3 ge dobr
7] 18 quantitative real-time PCR(qQRT-PCR)S A A| 315
t}. A¥of] ARE-H Kiss2, GnRH I, GAPDH (Glyceraldehyde-
3-Phosphate Dehydrogenase) +%1A}F primer= Beacon
Designer software (Bio-Rad, Hercules, CA, USA)E ©|-&
& A ZFslAtH(Table 1).

gRT-PCR ®F$-& Topreal™ gPCR 2X PreMIX SYBR
Green(Enzynomics, Korea)2 ©]-8-3}o] #4131t} W
e 5 uLe] cDNA(1:50 dilution)s FHOZ AME-3}aL,

7.5 uL Topreal™ gPCR 2X PreMIX SYBR Green, 250 nM
primer sets 22|32 N.F.W(Nuclease-free water)S &35}
o] F 15 uL2 volume® 2 A5t} qRT-PCRE] 53}
2 CFX96 Touch™ Real-Time PCR Detection System
(Bio-Rad, USA)E o]-&ste] 95°CellA 157} initial
denaturationd}S1.2.#, 95°Cel| 4] 15% denaturation, 60°C
oAl 15% annealing, 72°CollA] 30% elongationd}®] 45
cycless HHSAIA FATH HESo] B Fo= melting
curveE AT

GAPDHE HZAHAAZE Agsigion, 288
(Livak and Schmittgen 2001)= ©]-&-3}e] At 7 3}
ot BE AES 23] ol vbE sl

A4 ¥ ¥8F E, ¥ 11KT §5 =4

H2le W2 Ao dF(enel) EF Ul EoF A (5-6
uig]) 3 W 11-KT ¥3tE A 93l Enzyme-
Linked Immunosorbent Assay(ELISA)S =333t} E,
= o]F E, ELISA kit(CUSABIO, China)Z AHg-ate] 7
A2 ELISAH (competitive inhibition technique)®-Z =74
3L, 11-KT= ©]F 11-KT ELISA kit(MyBioSource,
USA)E AH&-3te] o] 3A] =91 ELISAH (double
antibody sandwich technique)©.Z =43} t}. E9F 11-
KT A8 7} Al 23| Lo A Alggt Aol ue} 21
Y3tR o, E¢t 11-KT EF EMax Endpoint ELISA
Microplate Reader(Molecular Devices, USA)E ©]-&-3}¢]
I 450 nmol| A SEEE S olFA S8E F
F %= 743 SOFTmax Pro 4.0 software(Molecular Devices)ol|
A THEolZ logistic(log-log) curve-fit standard curveZ
AREEI] E,9F 11-KT9] FEE AAtetinh.

FAAE

7} AP AT ZRE AoJ7 AE Zh(mean + S.EM.) Al
ole] folx} 5= SPSS-EA717]A] (version 18.0)S ©]
gato] AAaFF} 2ol H4F 2F 7+ independent t-
test(p < 0.05)2 AR 33T}

Table 1. List of Primers used for quantitative real-time PCR analysis

Gene Sequence Product size (bp) Tm (°C)
Kiss2 F 5'-TGG GAA ACG CTA CAA TGG-3' % 60
Kiss2 R 5'-GAA CAG AGA GAA GGG TGA AA-3'

GnRHIF 5'-CTC GCA GGG ACG GTG TTT-3' 70 60
GnRHIR 5'-TCT TCC CTC CTG GGG TCA GT-3'

GAPDH F 5'-TTA AGG AAG CCG TCA AGA AG-3' 126 60
GAPDH R 5'-CAG CAC CAG CAT CAA AGA-3'

F: forward, R: reverse



84 Park, J. W. et al.

3. 2% 9 &

i

AAEANA dFE = T Ues
% GnRH % Kiss2 a2t 257 A5k a250] B
o] MF T ol Hlal fFolahAl W TS Eh
RoH, F 25 7F HAF] Hol=

(Fig. 1). EE’SP F719 5 11-KT= 2243 25(5.6+
0.6 pg/mL)°] Hol& AF e 25(9.8+ 1.1 pg/mL)l H]
3l =7 frelshAl Skth(Fig. 3). #le] AF ¢k GnRH
slo] BeAe B A2ERAN A7} AU A
2] e 71 H¢] GnRH ¥ FHE 74AAZ 2 (Gruenewald
et al. 1993), o}F7<] 7% H22 710 (winter flounder,
Pseudopleuronectes americanus)®] GnRH 11 32} &
S A AT (Tuziak and Volkoff 2013). ©]2}= HiT=
A1&2 Q1 Blo] = vAdST F9 ol U(lams)Q
GnRH #HIE FZAA dAH o2 LHE AT
(Bronson 1986; Sisk et al. 1986; Foster et al. 1989). =gt
EFFe dFolME tAl S et add F8 T2EQ
leptin®} insuling F931S @ GnRH mRNA7} 5713
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. Effects of fasting on the expression levels of
GnRH I and Kiss2 mRNA in the brain of male
Nile tilapia. Relative abundance of the mRNAs
was normalized to the amount of GAPDH by
the comparative threshold cycle method using
qRT-PCR. Results are means*S.EM. (n=5-6).
* indicates significant difference from fast group
(p <0.05)

2 A8l GnRH mRNAY| 93-S & 4 dtiaL A
ot §Eu}(Burcelin et al. 2003). ¢4 A+ A3}ELS GnRH
7F9o] AFeh @R ek Aol SATHS AAKEITE o]
g Ao & w v detgjofe] g GnRH FrAA
WA e H2ol] FEFS Wk 7FeAde] slen, o] = <l
3l GnRHOll @3S whol 44 dag FXA7]= 11KT
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. Effects of fasting on the expression levels of
GnRH I and Kiss2 mRNA in the brain of female
Nile tilapia. Relative abundance of the mRNAs
was normalized to the amount of GAPDH by the
comparative threshold cycle method using qRT-
PCR. Results are means + S.E.M. (n=6)
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. Effects of fasting on the plasma level of 11-KT in
male Nile tilapia. 11-KT level was read at 450 nm
and calculated using logistic (log-log) curve-fit
standard curve (R?>0.99) which were generated
by SOFTmax pro. Results are means* S.E.M.
(n=5-6). *indicates significant difference from
fast group (p <0.05)
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o FEE P20 AOE Azdr
=

Kisspeptin 75 g5 HF-5E14 GnRH neuron

= AFste] A Aol dofgitial g Sith(Parhar et
al. 2004). o]} o] o]F9] kisspeptin 7= lFE WA

2ol 23o] A o] Heo| HFete] AdAS> Hetst
Al Bzl vt glok, e 2 27570 AFelA e
kisspeptinZt H o] 4F2ke] AHGS AT Ase &4
Z1 F9] Kissl 37} IS 1827 A2 o7 ls) a4
H A2 (Brown et al. 2008), T T2 F o AFoME
Z 2] o] kisspeptin +&A| FAALe] WS HaATITHAL
R cHLuque et al. 2007).

F7HH o2 Ef{FoNAM= kisspeptine] Hol AdF et &
gk SEEE #HEA o] ATkl Bt 4853
(orexigenic) TE¥ T ShHQl ghrelin  #|(stomach)
(Sakata et al. 2002)2} x| (Cowley 2003)°1A =M, &
78] Hol HF F7tet oluA S 2dsk= QA
2 Yo dth(Nakazato et al. 2001; Horvath et al.
2003; Wren et al. 2001). ©]2} 22 ghreling F<] A9
(intravenous) W Fo] A] €] Kissl F-42 ¢dS 744
A ZITFAL(Forbes et al. 2009) B 373l thAMA 3.9} kisspeptin
o] AHAAL S dA AT /7 ATFEAHE g
2 o2 ol HF e} kisspeptin®] WAE B3| A
B e vk 28y o follM e 27 A &4
(appetite-regulating)°ll “J-5-(homologous)sl= ZEH <]
peptideE°] 27 E o] (Volkoff et al. 2005) Zo] % o] F2]
o] dF el #Aste F8 FAHLLE HFEEY st
el A vl 2 BEFISS AAFITHMechaly et
al. 2011). oA AFAE ghreline €2} o} (Parhar et al.
2003)E 233t F5-9](goldfish, Carassius auratus)
(Unniappan et al. 2002) 5 Z2R¢] o] 7oA LH=EAS
o, o] F2] o} QoA Wd s tH(Kaiya et al. 2003a,
2003b; Unniappan et al. 2002). Wt dajoz <13 €
gtFjol FAA Kiss2 a2 dde] e T/
kisspeptin®] 412 dEfol] FFS wol AP S s
o] A|7]€ .

U detujol o2 3] 4kek(multiple spawning)st
™ F5H-3keke o] (mouth breeders)o|th. TEF-5f6h=
AFTEL THE &S Ao FAolA FSA17]7] Wi
of 2 F &<t Hol HHAE A9 A Ktk A T
FH3 & AFo] 2Aaskar, WAF7](ovarian cycles)2t
The AHHA717F A A€ th(Smith and Wootton 1994,
1995; Tacon 1996). 22} &£ A7l U Eefajo} ¢+
Z19] 75 HA sl Aoetke 3221 GnRHS} Kiss2
B A2of ot JEFs wEA] RUTHFig. 2). T FA
B o s W E HolE HA S ZFHET 24
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Fig. 4. Effects of fasting on the plasma level of E; in
female Nile tilapia. E, level was read at 450 nm
and calculated using logistic (log-log) curve-fit
standard curve (R%>>0.99) which were generated
by SOFTmax pro. Results are means* S.E.M.
(n=6)

gk ZFollA ot 2 HHWHE YEMIIAT F 15
7] el gt Afol= gitt. S A7) S Ul Eo
T AH2AE 2FoA 136.9+23.27 pg/mL, Hol= A3
3 2FAE 142 13.1 pg/mLE H|S=38 =25 Jeh)
HAL 109 F<ke] Aol P WA B3-S sk
thFig. 4). ©|¢F o] 23} thE Aah= g wE 2}
olof] 7]Q1% F& YA, FEHIE Hal T+ 7 A4
< sk U detgo} S diide® Aol o3t
S Eelsl7lell= A27|7be] #&okS sl ok A
A2 F5H53E 3= YA african cichlid fish(Astatotilapia
burtoni)®] 73-%- 45 Bt A2 o] GnRH 1A} 233}
A U B0l 357t Z4AHATHGrone et al. 2012). °]&
P2 U detyjobs Aao] M IAbE] 93
T des AR Yell= AdelH, 277k
sEE 59 FHRI AES B AR E et

O
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kisspeptin®} GnRH 512} GG o2 njFo] & o,
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7R 7hsAdel Atk 2y 7 fdA= ghrelin,
leptin, insulin 5 o] A3 e} A=A AAZAA 22
BEES WS 7ol SAST ek A - AtEt
- (kisspeptin — GnRH) — AJ 2] Ax(sex steroid)= ©]o A=
A4 AAS 1ot Bes] we]r] siae Hol dF ek
AAg A= AHY S A F7HAQL AT
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