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i RBFHEM (Oreochromis niloticus) WEMERAEKZRWE, A THRTHRE, AR RT-PCR /%
BT PP IEMAKINE (Growth hormone, GH) KL% 4% (Growth hormone receptors GHR) 1] ¢cDNA /751,
IR e i/ RT-PCR 7R T e HEJe ' W 9k #E & GH mRNA. JH I GHR mRNA. WL GHR mRNA ]
RKILZESt . FPHIHT R GHIFBEILHER 615 bp, Hgiid 204 NEERR: GHR JFBURAER 1 908 bp, 4
i 635 NMELEMR . LL RT-PCR 77VESE T GH. GHR AE & AR M At ot, 45REW]: GH AL A rh Al 214
Fik, i GHR EFTRLINY 18 PRl Zirh 5 3k, Hop LUHNE. LA, M. FER. WERERE . Lk
& RT-PCR J7 ik — WA T M. HE)e B P e HE 44 GH mRNA. HHIE GHR mRNA. LA GHR mRNA )3
A, SRR M A GH mRNA FHIE GHR mRNA FIFRA Y B2 & THEM, LA GHR mRNA %A
W EEZER, HENIEA GH mRNA FAFTFIE GHR mRNA Rk (R 2= 57 2 Je % %0 A Al i A= 4 72 e 1) 32 B2
Kz — [k 52 (5): 924—933, 2006].
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Abstract In order to study sex differences in growth in the the Nile tilapia Oreochromis niloticus, we cloned the cIDANs
encoding growth hormone and growth hormone receptor from pituitary or liver RNA by Reverse Transcription-Polymerase
Chain Reaction (RT-PCR) and compared their expressions between male and female by Semi-Quantitative RT-PCR. The
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open reading fame of GH of Nile tilapia consists of 615 bp and encodes a putative protein of 204 amino acids, while the
open reading fame of GHR consists of 1 908 bp and encodes a putative protein of 635 amino acids. By Semi-Quantitative
RT-PCR; we measured GH and GHR expression in different tissues of Nile tilapia; GH expression was only detected in
pituitary, while GHR expression occurred in all types of tissues we measured, and especially in liver» muscle, gonad, hy-
pothalamus and thymus. Thus, by Semi-Quantitative RT-PCR, we further measured the mRNA levels of growth hor-
mone in the pituitaries and growth hormone receptor in livers and muscles of male and female Nile tilapia growing at differ-
ent rates. Significantly greater expression of GH in pituitaries and GHR in livers was measured in the males than in the fe-
males. These results show that different levels of GH and GHR transcription can explain the growth rate differences be-
tween male and female Nile tilapia [ Acta Zoologica Sinica 52 (5): 924 —933, 2006].

Key words Nile tilapia, Oreochromis niloticus, Growth hormones Growth hormone receptor; RT-PCR, Different ex-

pression between male and female

KB E (Growth hormone, GH) & ¥ #E 3
Yy AU B2 IR, BAT R, kiR
FIE G e m YRR 1) Sk mks
FEIEP TR SN, W s A K E RN
FERFEZ — MRIER, 1999). GH s L #L 46 iy
I T () AR KB 3R 28 (Growth hormone receptors
GHR) &%, JAsham i m mfs 51 SHLE, (e
JB 5 2 A A K A Clnsulin-like growth factors
IGF-D HJ3IE, P 0 v 4G 24 20 18 HLAA 1 )5 36
ML, (AR A KA. GH #4121
GHR K2 /b DIRe i IEH 5 156 H 3 52 0 3 GH
APV I A, 0 GH 4551 (Growth hormone
resistance) 3¢ GH X NIE# (Growth hormone in-
sensitivity, GHIS) Ji N ILAEK G214, R P 7
FAbATIH GHR 2R T 485, $EGH 55 GHR
IG5 1 N RE, NS GH A= SN IR IE 3 4%
(Ross» 19995 PEIEBUE /NS ) 42 KB GEER th A
POAEL GHR 26525, T 8412301 GHR 2R W
FIO LR Z B (Tanaka et al., 1995).

P ah ot 2R AR A A R A A T VR 2
T AR, 1245 A1k, © &bl T R M
( Ctenopharyngodon idella )~ % 3¢ b6 B 9F fa
( Oreochromis mossambicus )~ N Vi 7 8 C Salmo
salar)- 7 C Acanthopagrus schlegelii )~ Rbifi £1
BEfh ( Epinephelus coioides ) 5 40 2 P i 2 (1)
GH. fE[R—H ks, GH R IERAKAH
809 LA i [FIPRPE, A F #3847 38% —
68% MM FIYETE. Lee et al. (2001) T IRIRIE T AliF
K4 M (Carassius auratus) 1) GHR ¢DNA 7
A, B HAT Yk E A B R GHR 73 BL s B,
BLFEEE (Tse et al.» 2003 B (Sparus aura-
ta) (Calduch-Giner et al.,» 2003)+ 2l ( Anguilla
japonica) (Ozaki et al., 2006) %F. 128 GHR 1
VAL RIS, W . B B . IR
LA 54, Hob DU IR I 308 & B s (Tse et

al.» 2003; Calduch-Giner et al.,» 2003; Ozaki et
al.» 20060, 3% GH XA K 45 J7 T R
W%, AX 2 GHR A& K EHF R D, Cal-
duch-Giner et al. (2003) & T EHEH T GHR mR-
NA7ERFME FRRIERM, £EF (6 ) 1
KiEWAEREE (3 A) &, SEEE (6 H) M
' GH. IGF-1 KAy A KOl B R A A — 3
(1. EATFE TR T a2 GHR MR IEB A =
5, KW (Oncorhynchus masou) 256 3 MG
JF GHR mRNA A& R, i GH KTt & i
IGF-1 /K°F R F¥ (Haruhisa et al.» 2004); Xfif{2%
2 FEMMIEN GHR mRNA &k T, A
GHR mRNA FixE A, £ILH GHR mRNA ik
P HI N2V 7 (Alfonso et al.» 2003)

Je BB AR AR KGR R, B TR, R
WRm, Puowfioe, BOAEEEEN ZHE) 9%
B, ARE TR A I B A e A 22 S R Y )
A, MEf A AR, M AR KNS, N A
AN, OIXEE R BOH A A 22 R, AT R T
= S e AR (BRIRSE, 1997). (EF5E
TIFRAAETS, (A o R £ A K 2 S i, HERR:
TORML JKIEL KB BWEEAMER T, W]
DA I i A A 22 S AR AT gt p G N A AR R 4 [
RRIENGIlE®

N TR B B AR MR K2 R R, A
SCIE L e RE TS B Jé B D R A AR KR L2 A oD-
NA 741, X GH F1 GHR 2 8 (1) 20 28 3 0k 1 o i3k
AT T 57, FHMNH €& RT-PCR i HE T [H
U2 K 2 S B S ) e R £ G T A D GHL R
GHR. WL GHR mRNA Fik PJANA], R T Mk
ERKZERMIEE, AR TR

1 MRLRE

1.1 #E
1.1.1 £if BEPEMRAT REFHEK
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WP R MY, AU E SRR TR,
]S 56 S AR ATAE — 80T BRI IR« se PSRRI
UM A 1.5 @ kifa, 7AKR 25.5+
2.5 cm, KHEN 586.5+143.9 g5 WK ZERE
IR AL 75 Hilg (2005 4F 6 HAIE4L 1)
T, 2005 F 8 H AR AE) MR i, PRI
REBAR TN, SR B R 2 7 O 2 B
B, ERKEEAEHEZER, MRS o B, Mtk
K4 14.940.5 cm, AHEHN 98.9+11.70 g, M
KA 13.940.7 cm, HEA72.1+11.4 go
1.1.2 X5 &8 RNA #HELH) Trizol Reagents
DNase [ + Thermoscript™ RT-PCR R & H In-
vitrogen A ], Ex Taq™ H TaKaRa 2 # 24 7=,
E.Z.N.A FURLHEERCR R BGRB8 Omega A 7
F=hh, pGEM-T Easy Vector 043 #2384 71 & 8 B
Promega A F), HARLNE =5 HrailH]. KIGHE
( Escherichia coli ) DHSa AR SLIG SRS . FTH
S LA T A TR W4 G DNA T F11
S B IR AR 8 ) 5E

1.2 Jii&

1.2.1 cDNA WFES5F5 08 LLJe & 2 R0 i
LTI IE A M KL, $2HCE RNA, £ DNase [ 4t
PJF, % Thermoscript™ RT-PCR 57 & 156 B 6 B
O EE. MR B L ow B AE M C Oreochromis
mossambicus ) GH, GHR F B-actin ] cDNA J7 51 %
il DX i e PR e DX S e R S 1, DASE — 4R
Bk, FFER519% (GHF1 5 GHRI, GHR Fl1
5 GHR R1, B-actin F1 5 B-actin R1) #" 4% GH.
GHR Al B-actin <DNA i i X, 334 7= 4) 55 5 b
615 bps 2 405 bp A1 974 bp (B-actin cDNA 5 5 5
Lovd AR 58 4 — 3, 70T D). PCR RNV AR T
H 94°C TAZYE 3 min, 2AJ5 94°C &M 30 s— 2 min,
55CIEK 30 —60 s, 72°C LA 1 —2 min, 35 M
WG 72°C A 15 min. ¥ T 3RA1 PCR =) 1E
1.5% MBS b 100 V FLIK 0 2 DNA J W,
PINH B4, H E.ZNCA R IR ) &
(Omega) 2tk H 1774, H¥# 5w % 2| pGEM-T
Easy 8k b, $k BHVE w0 B i 4T P 000 E . R
DNA Star AP AT PHEMME R H LR T 5], Y
GenBank ' HEWFI GH. GHR J7FHEAT AHAUPE
B

1.2.2 M A GH A1 GHR mRNA ¥ € &
RT-PCR 70#7  $#&HL 6 RMEMA 6 Mt A,
fE. WLAE RNA, £ DNase [ 25 B3k K1 41 DNA

Jas BA1 pg B RNA KRR, JEAT Rk, o)
PE A GH, JH GHR Fl B-actin mRNA
e RT-PCR 73 M1 71k, Ho, Bactin &1ENK
M GH+ GHR mRNA F£IAM Whr. 1 e
i RT-PCR 43 #7 77 % & B 1) PCR a3 %, GH
BT 5140 GH F1 A1 GH R2, ¥ 347414 573 bps
GHR FTH 5% GHR F2 fl GHR R2, ¥ #47=4)
766 bp: B-actin FTH 51#1 4 B-actinF2 #1 B-act-
inR2, ¥ =YK 267 bp (SIMIEH K D, ¥
BT, X GHv GHR- B-actin 73 5l — A1 24 20bf
FESEE (164 20+ 24+ 28+ 32+ 36+ 40 1), AH
I EL PCR ¥ 38 7= 0176 1.5% B BENRHE &
VK, M H Bio-Rad GEL DOC2000 % 4t 4> #1175 ‘5 it
&, BRI KA 386 1 — 2 15 1) PCR I8 24 %501 18 bifi
J52F € B RT-PCR 20 #7, ASEER I GH MEAECH
30, GHR M50 34, B-actin FIPHIRECH 24.
RJE, UUANTE &Y RNA A B EAT RT-PCR ¥
W, A BRI ) RO R (R A AR LA G
PECEUEmS D, UE W BT #5711 2 %2 7 RT-PCR 2347
T REATI

AR b1y @ S 754 R GH GHR. B-
actin ¥ 47 ¥ € & RT-PCR 73 #1, W 4 pl GH 5L
GHR 1 4 pl B-actin ] PCR 7 #7E [F]— HL Bt Jlg Bl gt
B (1.5%> E dik, & J5 M Bio-Rad GEL
DOC2000 Z& e vk B R BE4T 70 #r, &R K ox R
GH/B-actin #1 GHR/B-actin-
®1 wfEEY PR GH M GHR ¢DNA J¥ 51 LA Il mR-
NA K3k i 1514
Table 1
Nile tilapia Oreochromis niloticus GH and GHR

Primers used for cloning and expression analysis of

514 Primers J7%1 Sequence JFHINLE Site

GH F1 5-ATGAACTCAGTCGTCCTC-3 nt 1-18
GHRI 5 -CTACAGAGTGCAGTTTGCT-3’ nt 596 — 615
GH R2 5" TACCGTCAGGTAGGTCTCCA-3"  nt 554 —573
GHR F1  5-ACGCATCCTGAGATTGAGTG-3"  nt 1-20

GHR Rl 5-GCTCACTGTAATCATGCATGG-3" nt 2 385-2 405
GHR F2  5-ATCCGCTGCAGGATGCAGGC-3"  nt 852871
GHR R2  5-GAGTTGCTGTCCAGGAGAC-3 nt 1 598 -1 616
B-actinFl  5"-GATATCATTTGCCTGAAACCG-3" nt 1-21
BactinRl  5"-ATGGTGGTACCTCCAGACAG-3"  nt 955974
BactinF2  5"-ACGGTATTGTGACCAACTGG-3"  nt 278 =297
BactinR2  5"-“TGTGGGTCACACCATCACC-3’ nt 525 — 543

1.2.3 i odr  HPIME £ bt 22 32 R A A
HEf GH mRNA X GHR mRNA HIXf Rk &, H
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HTRH SPSS 4t i 43 #1844 Duncan” s VA HEAT £
FEHE, 1 P<0.05 NAZEREE.

2 4 3

2.1 JeP'PHEMA GH. GHR DNA 5ol KT 515087

2.1.1 GH DNA Wl KFHIni e PP
GH M P LM 3Ry LK 1. g%
AEf GH cDNA TR EA4E (ORF) 4 615 bp, 4
5204 NMEIERR, 5 OsMAEN GH 25 75 5
AWm i EIEYE, BAT A2 GH AL M RRAE,
MBI (MD 215 17 MR (S AfES
By, AR 187 NEIEIR . TE KT A 4
AEBEIR (O, X 4 AP B R 147 B AR IR

S, BT BCRIE O B AS ZBBE (Ce9
C177, C194 5 C202). 155 201 A7 —A> N-Hi
AT 55

1ZH DNA Star %A%, ¥ w3 2%
GH cDNA JP A LR 7 51 5 HE R PE - (GenBank)
ISR GH B P A0 AT AL LE A, &5 SR
. HRJEER P A, (DNA P [F Y
PEA 98% , LR P A [FUEME =IE 99% , HlRl—
firi 2 H W OKBH A, R A B, Sk, R
FEG, GH MR LR AL LI AT 80 % LA - 1 [F) 95 1%
AR H MK H A 38% — 68% 1 [, H I
SERFHESN P A 37% — 58% MRl 1, 2K &
R R B )5 i

1 ATG AAC TCA GTC GTC CTC CTG CTG TCG GTT GTG TGT TTG GGC GTC TCC TCT CAG CAG ATC 60

1 M N S VvV VvV L L L S

C L ¢ VvV S8 8 Q@ Q@ I 2

61 ACA GAC AGC CAG CGT TTG TTC TCC ATT GCA GTC AAC AGA GTC ACG CAC CTG CAC CTG CTC 120
21T pD S @ R L F S I A V N R V T H L H L L 40
121 GCC CAG AGA CTC TTC TCG GAC TTT GAG AGC TCT CTG CAG ACG GAG GAG CAA CGT CAG CTC 180
41 A Q R L F S D F E § S L Q@ T E E Q@ R Q@ L 60
181 AAC AAA ATC TTC CTG CAG GAC TTC TGC AAC TCT GAT TAC ATC ATC AGC CCG ATC GAC AAA 240
61NKIFLQDFNSDYIISPIDK80
241 CAC GAG ACG CAG CGC AGC TCG GTC CTG AAG CTG CTG TCG ATC TCC TAT GGA CTG GIT GAG 300
88 H E T Q R S s v L XK L L § I S Y G L Vv E 100
301 TCC TGG GAG TTT CCC AGC CGC TCT CTG TCT GGA GGT TCC TCT CTG AGG AAC CAG ATT TCA 360
1 s w E F P S R S§ L S 6 6 S S L R N Q@ I § 120
361 CCA AGG CTG TCT GAG CTT AAA ACG GGA ATC TTG CTG CTG ATC AGG GCC AAT CAG GAT GAA 420
2P R L S E L X T 6 I L L L I R A N Q@ D E 140
421 GCA GAG AAT TAT CCT GAC ACC GAC ACC CTC CAG CAC GCT CCT TAC GGA AAC TAT TAT CAA 480
141 A E N Y P D T D T L Q H A P Y G N Y Y Q 160
481 AGT CTG GGA GGG AAC GAA TCG CTG AGA CAA ACT TAT GAA TTG CTG GCT TGC TTC AAG AAG 540
1615LGGNESLRQTYELLAFKK180
541 GAC ATG CAC AAG GTG GAG ACC TAC CTG ACG GTA GCT AAA TGT CGA CTC TCT CCA GAA GCA 600

81 D M H K VvV E T Y L T

601 AAC TGC ACT CTG TAG

200 8 [c] 1 L =

A K[C]R L s P E A 200

615
204

K1 g% P HEaEKMER cDNA FP A RIHEN 1) 2 SR Fr 51
RIRLFB 2 ATk TrHER 2 AR (O B A NBEEAL AL A

Fig.1 Nucleotide sequence of Nile tilapia Oreochromis niloticus GH ¢cDNA and the deduced amino acid sequence

Signal peptide of Nile tilapia GH was underlined, cysteines were marked with rectangles, and N-site was shaded with light gray.

2.1.2 GHR cDNA 5fE KF51 ot B2 hje%
P GHR W7 45 R A S R LR 7. %
ZEf GHR cDNA F I8 5 HE CORF) 4 1 908
bp, HfH 615 MM, HAFHESY GHR
AREERFFE, MR IER (VD B 27 f1 25
1R (T WfE S, 528 AL Jhig (F) B
253 Pz MR (T) AMAMX Gy, 55 254 47 2

IR (V) B 277 R (S) AERX, ZJ5
h 359 NEIERR ML IX o A0 DX ST 5 5 X 1)
PLEAT — MRS ) FGEFS mofit, MUAMXAT 7 AR
SEI KRR R (C48. €58+ C91. C101. C115+
C132. C224) Al 5 A9 A5 8l BE AL A7 50 (NS7S
N98. N146~ N153+ N192), Hu Py XA R 1
Box, A 6 Uk 5F 1M 2 R (Y325. Y330,
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K2 JePP A EREEZA DNA JFFIAIHEN 12 2R 751
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N-
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FPER (O

JrHE:

TR RUKER: BSM; BEIRZE: boxls box2 X N FRIZ: FGEFS mofit;

g

BEEEACAL R (NDs THERH G : BRI (YD,

Fig.2  Nucleotide sequence of Nile tilapia Oreochromis niloticus GHR ¢cDNA and the deduced amino acid sequence
Signal peptide Cunderlined with a single line); transmembrane domain Cunderlined with double lines); box1 and box2 regions (un-

derlined with undee line); FGEFS mofit (underlined with a dotted line); cysteines residues (marked with rectangles); N-site (shad-

ed with light gray); tyrosine residues (marked with rectangles and light gray).



534 g 225, Je B PR MUK cDNA JEFE15 mRNA A (e 2= 52 929

Y456~ Y524+ Y385+ Y624).

iz H DNA STAR %, FoebxRf e 2 Pk
i GHR 2 7 51 5 R (GenBank) e
YRR P AT AR LA, S5 S TRJE S5
Ll v 2 R A0 1 2 B R B [R) S R 989% , 5 ] —
e H (10 43k 012 729%, S5WETE H KK ZE SR
2%, SHLEH M4 M0 46%, S H KK
A A 38% , 5 /N BRI B R R 23 0 35 %
A 349%, AXT GH M E, GHR 9% a] iy R 95 2 4
i, AAHE A GHR PIEEARHAE,  Fof ] 1) [R5 1

M 1 2 3 4 5 6 7

500 bp

100 bp

FEARR MRS, Bl ZR BT [F) U5 s

2.2 REPIEMSMALHT GH. GHR ) mRNA

Rik

2.2.1 RFPHEALMMALH GH I mRNA £Ki&
FH TSI 96 v Jir g 371 - 52 f RT-PCR 23 #1 J7 %

X BB L 13 M gUHAT R, g5 R A 3

Jzs, 13 B 231 B-actin & I R IAAHIT, 117 GH

S RAE ey ok, 3] GH RAEHEfk R

ko

GH573 bp

B -actin267 bp

K3 JeP P GH Al B-actin mRNA & 112 % & RT-PCR 4347
1: MR 2: M. 3: . 4 M. 50 Mo 6: k'B. 70 BlR. 8: 8. 9: M. 10: H M. 11: ¥Mx. 12: FEAk. 13:

FEMi. M: 1000 bp DNA 4> T briff

Fig.3 Semiquantitative RT-PCR analysis of the tissue distribution of GH and P-actin mRNAs in Nile tilapia Ore-

ochromis niloticus

1: Muscle. 2: Gonad. 3: Kidney. 4: Spleen. 5: Liver. 6: Head kidney. 7: Thymus. 8: Gill. 9: Hindbrain. 10: Midbrain.
11: Telencephalon. 12: Pituitary. 13: Hypothalamus. M: 1 000 bp DNA ladder marker.

2.2.2 PP EALMAL G GHR ] RNA RI&

DAFHUSE 56 vp Py 57 (1) - 58 2 RT-PCR 23 # J7
XF e B AR A i 18 Rl el UBEAT R, £5 R 4
Ji7n, GHR E#HLR T HRIE, ARIREMS,
AW FREEE, DU RE s, IR,

M1 2 3 45 6
900 bp et . '

500 bp

- e e

200 bp

B~ N E PR I A A X R

2.3 ¥ P GH Fl GHR mRNA 1A (1) ik
K5t

2.3.1 e P MR GH mRNA 2k 1k 2=
st 5. 6 o, N E & RT-PCR 73 # ik

7 8 9 10 11 1213 14 15 16 1718 C

GHR
766 bp

B-actin

e O S - 267 bp

Kl 4 JEP P HEf GHR F p-actin mRNA 1A 19352 & RT-PCR 7471
1: 8, 2: Ok 3: MR, 42 K'WE. 5 B 60 M. 7: .8 WIW. 9: H. 102 B 11: MR 12 F Rk 13:

Fig.4 Semiquantitative RT-PCR analysis of the tissue distribution of GHR and B-actin mRNAs in Nile
tilapia Oreochromis niloticus

1: Gill. 2: Heart. 3: Thymus. 4: Head kidney. 5: Liver. 6: Spleen. 7: Kidney. 8: Muscle. 9: Stomach. 10: Intestine.
11: Gonad. 12: Hypothalamus. 13: Olfactory bulb. 14: Pituitary. 15: Telencephalon. 16: Midbrain. 17: Hindbrain. 18:
Medulla. C: Negative control. M: 1 000 bp DNA ladder marker.
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K5

LB e GH573 bp

-l S s e En s

B -actin267 bp

Je BB e AR GH mRNA FRIE I ¢ & RT-PCR 71

M: 2 000 bp DNA 73 FHbrifi. C: BIMEXT. 1-6: Mifh. 7-12: Hifa.
Fig.5 Semi-quantitative RT-PCR analysis of pituitary tissue GH mRNA in Nile tilapia Oreochromis niloticus
M: 2 000 bp DNA ladder marker. C: Negative control. 1 —6: Female. 7—12: Male.

12,
<
Z P=0.0006
an N
[ R
&y L
»n 0.8 T
2 £
£3 06f
g &
= L
= <) 04
jas)
&) 02+
®
il 0
MEff (Female) HEf (Male)
Kle Je¥ PRIk GH mRNA 55 ¥ #E A 2 55 53 4
(n=6)
Fig.6  Nile tilapia Oreochromis niloticus pituitary tissue

GH mRNA expression in females and males (n =6)

Ko e B B A fa A b GH mRNA 3R &, B
B-actin AN ZHEH . H Bio-Rad GELDOC2000 &%t
SN S S SR, I GH G 5 R S A XS
W B-actin {5 5 28 L AE 1 EUAE 2 78 GH mRNA [ 4H
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Fig.7 Semiquantitative RT-PCR analysis of the liver tissue GHR mRNA in Nile tilapia Oreochromis niloticus

M: 1 000 bp ladder marker. 1—6: Female. 7 —12: Male.
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mRNA expression in females and males (n =6)
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Fig.9 Semiquantitative RT-PCR analysis of muscle tissue GHR mRNA in Nile tilapia Oreochromis niloticus

M: 1 000 bp ladder marker. 1 —6: Female. 7—12: Male.
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