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The structure analysis, tissue distribution and hormonal regulation
of two distinct growth hormone receptors in southern catfish Silu-

rus meridionalis”™
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Abstract Two genomic contigs of putative growth hormone receptors (fGHR1 and fGHR2) were identified in the fugu
Fugu rubripes genome by in silico analysis, suggesting the presence of two GHR types in a single teleost species. We val-
idated this hypothesis by cloning the ¢cDNA sequences of GHR1 (scGHR1) and GHR2 (scGHR2) from liver of the
Southern catfish Silurus meridionalis by RT-PCR and Smart™ Race. The full-length ¢DNAs of scGHR1 and scGHR2
are 1 985 bp and 2 300 bp, encoding putative proteins of 602 and 553 amino acidss respectively. Both scGHRI1 and
scGHR2 have the characteristic landmarks of conventional GHR including the ligand binding motif FGDFS in the extracel-
lular domain and conserved cytoplasmic Box1 and Box2 regions. However, they possess features that are distinctly differ-
ent from each other. Firstly, the number of extracellular cysteine residues is different. While scGHR1 possesses 7 extra-
cellular cysteine residues forming three disulfide bonds, scGHR2 has only 4 that may form two disulfide bonds. Secondly»
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the number of intracellular tyrosine residues is different. The scGHRI1 contains 8 tyrosine residues, but scGHR2 contains
only 5. The expressions of scGHR1 and scGHR2 in different tissues of the Southern catfish were further examined using
semi-quantitative RT-PCR. Results showed that scGHR1 and scGHR2 were present in all the tissues examined and that
expression of scGHR1 and scGHR2 in liver were higher than in other tissues. In wivo hormonal regulation data indicated
that hepatic scGHR1 and scGHR2 mRNA levels were downregulated by 17B-estradiol and upregulated by 17a-methyl-
testosterone. On the other hand, cortisol upregulated the hepatic scGHR1 mRNA level, but had no effect on levels of
scGHR2 mRNA [ Acta Zoologica Sinica 52 (6): 1096 — 1106, 2006 1.
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ERKPE (Growth hormones GH) A& ¥ HE 3]
W0y o A2 40 L5 FSCRT  A T — R LR 22 IR RS, A
ALK RE AT SR R E AR
GH i I 5 #E 20 M s F i A KR 22 48 (Growth
hormone receptor, GHR) 454, M I JH JAK2/
STAT {5 5 @R A A HAT, GHR
1) cDNA 40 24 AN K e VF 2 il HLsh ¥ 2K
(Godowski et al.» 1989). 2% (Burnside et al.,
1991) MK (Lee et al.» 2001 FrifEfts], il
ARG BT, AR AL R 2 T n] fig
AEAE G FE DR g ) 1) AR KB ZE 3248 (GHR2) -
TAIEAHT T A R ADRAY IR A, FHR
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HEFLFE (Prolactine PRL) MG — 38T (1) fii 2 44 £
R, HE R IZER, (A EHRA
BN 15248 (Somatolactin receptors SLR)« it
1A 4% 18 MK BRI £ C Oncorhoynchus - masou )
(Fukada et al., 2005) #17[] (Oryzias latipes)
(Fukamachi et al.,» 2005) %% 43 2] SLR 4= K
¢DNA J¥41. Fukamachi 5 [F1 I 1052 H: &S0
H GHR (GHR1) SEFr @& KL T R 24
SLR, T ke 75 31 i 75 0] GHR LA KR £
GHR, Bl GHR2, A &fREIERAEKBEZMAE.

MG (Silurus meridionalis) KR, RWIK
o, AT B . W T8 GHR IR0 A
BT A o FEAE AR I DA TR L SN IR FE BRI
K. AICRH] RT-PCR M RACE &5 4 1177 7% A
Fa 7Ry 1S 2 T GHRI A1 GHR2 42K cDNA,
For#r TREE 1 GHR1 R GHR2 HO&5 8 22 57, 1
W e SLR K&, [\ IR H & & RT-

PCR W7 098 T IX R GHR 1 7 J7 il AN [F] 421
R IA IR 25 S DL R B 25 Mk B G R 2 A4 3K (R 5%
.
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SR K A Z3 53 AT B FH P 7 SR AR B PR S B VL
Jems B, fe R FLE e . BRI . AR AT
EL BRAE. O E. PEAR. WLAL 8. BB BAE 10
MNAL, WA, B -80CIRAF. BWEEAHTH
FA 7 B N L FR ) W 7 B4 £, AR TR AR 90 +
16.2 g» TE W 40 cm <40 ecm X< 60 cm B HKBEH
WAAFE. ARSZE BT H PCR 5190 1 Invitrogen 2
A TAY TR A A G e B Tag B DNasel
(RNase free) Fl pMD-18T # &M H K& % EY) T
FEA T, RNA #2300 &8 ROCHE 2 w7~ i,
Smart™ Race ¢DNA Amplification kit i 71 & 4 B
Clontech A7), BPICAFI A Qiagen 28 7] 7= o
173-ME HE. 170 HESEMIE H Argent 2 7], 1]
P A R MR SRR A PR A ) 7= o FEAR I N [
SHTARF . KA DHSa HASSL5G % R AT
1.2 J5ik
1.2.1 MARITEEEE R4 b 73 25 GHR1 A1 GHR2
RN HZA S GHR 42/ 75 BLAST
(Basic Local Alignment Search Tool ) Z#k 77 fifi
(Fugu rubripes) %A EHE Chep: //www.
ncbi. nlm. nih. gov/BLAST/ ). 1F 48 J7 fili 3 PR 41 v
BN SR I E & B (Contig)» GenBank
JPH1%5 A CAAB01001386 1 CAAB01001701. 4
i contigs T A, FENK AN A P AL E, IF
WA N FIF ARG KR & GT - AG BN
A7 GHR1 1 GHR2 ZEF A2 FFIN & 7.
1.2.2 ™77 GHR1 1 GHR2 ¢DNA i f%E 7
Jrfili GHR1 187 7 51 I GenBank H 138 45 48
) GHR A& DY 2 39 GHR R 57 P 51 ik, i
GHR2 B 35 51 AR GenBank ' A 198 K K
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W5 £ C Oncorhynchus kisutch )~ 5 75 K K B5 £
( Oncorhynchus masou ) F UL 4 C Oncorhynchus
mykiss) GHR % H R 7 41| 5 18 2R J7 i 5 [K 41 v 73

#£1 w78 GHR1 Al GHR2 ¢DNA /755 514

B GHR2 # R P41, AEGR S X BT IF 514,
Bactin 1 ¥ 51 Z & 1 B-actin FFA Bt PTH
SN 1.

Table 1 Primers used for cloning GHR1 and GHR2 cDNA of the southern catfish

519 F4)

Primer Sequence

Gl1-F1 CC (AGCT) AA (AG) GG (AGCT) AT (ACT) GA (CT) CC
G1-F2 GA (CT) CC (AGCT) TGGGT (AGCT) AG (AG) TT (CT) AT
G1-F3 CCCAACTTGTATCCTGACGAT

G1-F4 CCCTCTGGTCAGCAGGAGCAACT

GI-R1 TC (AGCT) (GO (AT) (AGCT) AC (CT) TG (AGCT) GC (AG) TA (AG) AA (AG) TC
G1-R2 CCAGGGTCGAGCACCATCAGCTGGATA

G1-R3 GGTGTGGAGTTGCTCCTGCTGACCAGA

G2-F1 AACCAGACCCTCC (AG) (AC) (ATY (AG) G (AC) GCTGA
G2-F2 AA (AG) A (TCA) AT (CT) GTG (GT) (AT) (AT) CCAGACCC
G2-F3 GACAATGGCAAGGACACACAGG

G2-F4 CATGCTGATCCTGATTGTGCTGTCGC

G2-R1 AGATCAGGGTCACAGCAGCTGGC

G2-R2 TGGAGGGGAGTCAGATACACGGG

G2-R3 AATCCCCAAAGTTGTAGCCCCTC

B-actinF CCATCTCCTGCTCGAAGTC

B-actinR CACTGTGCCCATCTACGAG

AAGCAGTGGTATCAACGCAGAGT

. ;.
Smart race 5 primer

Smart race 3° primer

ATTCTAGAGGCCGAGGCGGCCGACATG-d (T)3N_ N

A Smart™ Race ¢cDNA Amplification kit i
G T GHR cDNA. $EHUR 77 il FEIE RNA,
Wi s & S — B DNA, H & 519 G1-F1 #1
GI-R1, G2-F1 F1 G2-R1 ¥ #8 ® J7 ik GHR1 I
GHR2 R 7 g i X 3. B 2 pl 28 — %8 PCR 7=
VIR, M54 G1-F2 #1 G1-R1, G2-F2
G2-R1 AT 3 PCR 9739 W )w. R4 P15 7
I LR S 51 G1-F3. G1-F4 F1 G1-R2-
GI-R3 DL} G2-F3. G2-F4 F1 G2-R2. G2-R3, 4%
% Smart™ Race 3" Primer 1 5" Primer 70 B 15 2]/
JrE PR GHR ¢DNA. SE5Z Smart™ Race ¢D-
NA Amplification kit 7% ¥ AT . PCR W
KRR 25 pl, VAT R FAEYE 94C 3 min: 2%
P£94°C 30 s, K 68°C —70C 30 s, ZEAH 727C 1
min, 36 MEHM G 727C LM 8 min, M6 pl PCR ™
WILE 1.2% B B B e e b vk, AR5 k4T U ke [l
W, A v B pMD-18T #fk b, H AR AE I
YA, W BT S iR T AR TR A ] 5
B DNA WY
1.2.3 PO S i g fR I O e bR 3R

P4 77 i GHR1 (scGHR1, GenBank /741 %5 4
AY336104) Al GHR2 (scGHR2, GenBank /3415
4 AY973231) cDNA ¥ 5% Hf DNASTAR # £ 4fE
FRIER T A AT L. P2 GenBank 1 — 2%
A HESD P 45 HE- T R AR 7 S I BE 5 £ ( Danio
rerio) GHR 2 W 7 51 L& K i fa #1750 SLR
SHEMR P4 F 7585 GHR1 (AY336104); HEfh
( Ctenopharyngodon idella ) GHR1 (AY283778);
&t (Carassius auratus) GHR1 (AF293417); Je
¥ % 9k 1 Oreochromis niloticus ) GHRI
(AY973232); 5 3 b w0 ¥ 4k 1 ( Oreochromis
mossambicus ) GHR1 ( AB115179 ); & H fa
(Scophthalmus mazximus) GHR1 (AF352396); H
At H 1 C Paralichthys  olivaceus ) GHRI
( AB058418 ); i C Acanthopagrus schlegelii )
GHRI1 CAF502071); 4% 3k 8 ( Sparus awrata )
GHRI1 (AF438176); H A2 ( Anguilla japoni-
ca) GHR W2 1 Cisoforml) (AB180476); H A
fifif GHR Y22 2 Cisoform2)  CABI80477); M
GHR2 ( AY662334 ); Jé %' %' 9k i GHR2
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(AY973233); HLAMEG 1 GHR W2 1 Cisoforml)
(AF403539); HLRMEIG 1 GHR WA 2 (isoform2)
(AF403540); UL GHR2 (AY751531); 575K
R W 1 GHR2 ( AB071216 )s F 77 fif  GHR2
( AY973231 ); JN HE  C Xenopus laevis ) GHR
(AF193799): /Nl ( Mus musculus) GHR (NM
010284); = (Owvis aries) GHR (M82912);
(Bos taurus) GHR (NM 176608 ); A ( Homo
sapiens) GHR (NM 000163); & ( Oryctolagus
cuniculus) GHR C(AF015252); %% (Sus scrofa)
GHR (X54429); # ( Canis familiaris ) GHR
(AF133835); X ( Gallus gallus ) GHR (NM
001001293 ); %K % ( Columba livia ) GHR
(D84308); 75 KRG 1 SLR (ABI121047); 5
LI SLR (DQ002886): # [ GHR (DQ010539)-
eI E2M, (PRLR) (AF144012) fE4hK
B, KH Clustal X 8AFHEAT 941 LA 53 A7 I A 4
NJ RGO

1.2.4 F765M A GHR mRNA 75 & 412 14
B PEEUEE AN . AR OFFAT. BT OV TR
B LA 8. . B AR RNA, 4 DNasel 4b2E
JE TG S A R —HE cDNA,  FIFH IS RS S 1 51 4
G1-F3 fil G1-R2, G2-F3 #l G2-R2, B-actinF Al -
actinR 3% GHR1 (446 bp)+ GHR2 (483 bp) #i
B-actin (900 bp) i Bt. KMNAKZR 25 ul, SO EAT
N TAEYE 94°C 3 min, 281 94°C 30 s, K 57C —
59C 30 s, fEff 72C 1 min, 20 5I7E 20, 22+ 24,
26+ 28+ 30+ 32+ 34 MEMJFE 6 ;] PCR ™ ¥)4E
1.2% BEfapli el i vk, DA E PCR N 1) 261
MK H, £ 3 % PCR XN 5, % GHRI-
GHR2 Hl B-actin 5 1& I EH FE 2k 30 P, 30 AN
25 P, ARJE % B AE bR R v K P A

Fugu GHRI

GHRI1. GHR2 M B-actine B 6 pl PCR /=¥ 1
1.2% B R BER B vk, H BIO-RAD 2wl iy
R, ML E R M4 Quantity One X GHRI -
GHR2 F1 B-actin /= ¥ £ AT O % F& 73 #r, JEik 8
GHR1 #1 B-actin, GHR2 H1 B-actin ¥]06 % B2 LLAH,
VAL R 7 i GHR1 A1 GHR2 FIAHNT R IE K o
1.2.5 BE X765 A GHR mRNA 7K1 52
W GEECN T4 R R T i 4hfa, AR 90 + 16.2
g TEMN 40 em x40 cm X 60 cm I KA P 1]
Ito VLHTEERG DI R VERL, RERE B 1 IR
M, S5 4 N4l (E2, MT, cortisol 1% i
4D, HASERAN 5 R . 173 Tl 170
FH 52 I A0 R RO 3 ol AL ) kb s e, JEAT IR s
U, GRS, ES RN 1.0 pe/g
B.W.. W REN WK, FRENBYELK 17:
00 HEAT, —IVEH 4 d, I TIE—REHNE 24 h
HCH AR . M Bk € f& RT-PCR 779:7%%¢ GHRI1
A1 GHR2 mRNA 7K AR 40 22 57

1.2.6 HHE5Hr M3 A FPATES SR -FE
+ bRl 22 RN FE 7 B R GHR mRNA RiA &, £
AT SPSS # AR LSD VAT 2 HE IR, 4P
<0.05 MIAKHZ 5 B35,

2 4 B

2.1 A7t GHR1 Al GHR2 R 2544

IR 7 it P AN AHALE AR 551 19 contigs H 43l 3
B PN AS R S R 9 69 1Y GHR, #R 24 fGHR1 Al
fGHR2. #32f) fGHR1 &% 9 MR T 8 AN
T, BEA2 034 bp R HBRIFHIL— 678 %
FERRBR LI B 5. IR 43 25 ) fGHR2 — 3L
SMINETH 7T AN T, WAL 725 bp I HR
Hgig—A 575 MEEERRAENEAT (K 1),

6054

69

Bl 1 ZJjfli GHR1 A1 GHR2 PR 45 ##E 2 E

KRR T, BEFRNE T, BT ERPR TS TRKE.
Fig.1 The schematic representations of fugu GHR1 and GHR?2

Rectangles represent exons and lines represent introns. Numbers represent the lengths of exons and introns.
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2.2 FJifii GHR1 1 GHR2 4K ¢DNA J741 (1 3'%f UTR. scGHR2 ¢DNA 4K:4 2 300 bp,
¥ Bty 3'RACE J BRI S'RACE fr Bt 15553 N 518, 046 421 bp 1 5%k UTR AT 220

THEE:, 3k19 M 77 ik GHR1 (scGHR1, GenBank  bp [ 3'3i UTR.

JPH) 5 A AY336104) Al GHR2 (scGHR2, Gen- 2.3 JTHU5r BT Rk Ak A 1 1 5

Bank J¥ %1 %5 A AY973231) 4 K ¢DNA J¥ 4. M7 GHR1 A1 GHR2 24518 77 41 LL 5 45 R

scGHRl cDNA 2K 1 958 bp, % 602 M2k WK 2, WEALW EREAILRE AT ER. 5
» A5 63 bp M 5w AEgw S X (UTR) 1 89 bp Ah, WNKIEE RS em (B 3) aTLLgEH, M2k

scGHR1
scGHR2

scGHR1
scGHR2

scGHR1
scGHR2

scGHR1
scGHR2

scGHR1
scGHR2

scGHR1
scGHR2

scGHR1
scGHR2

scGHR1
scGHR2

scGHR1
scGHRZ2

scGHR1
scGHR2

scGHR1
scGHR2

P * . kk kkk .kkhk F ok .okkRE

MLS%LSLSLICVLRLLVTRTOGIEHDMGLVTSGPLVSP% TG SRELVTFW@RWSSGSF 60
--MGIHISFICLFLVVAVSAEDVQASVQAQNKS---LPFLIG SREFVTFR WNAGSF 55

EE R * . sk kH kR ke sk akEK ke s Kk * ok ok ok ok ok

SNLSEPGALALFFQMKIIN-PSEWQERPEYTPSVQNE FNRDFTRIWTId’IQLRSTLH 119
WNLTEPGDLRLFYMHKETKNDCKWQERPSYSSAVENEMY FDANHTAVWFQYAIQLRS--- 112
* .*** * |'k:**:**** ******‘: - *:** * *‘** *: * k&
THNITYDE QIPNVENIVYPDPPISLNNTLLNISRSRVFFDIVJH IAPPPSAD--VQPGWM 177
RTNDVYDEMYFSLEEIVFPDPPKVLNWTLLSLGPTGLFCDVMVSWDIPSSAADSVKIGWM 172

NLKYE‘VHYRVQNSSHWDKLDLESG QOSIYGLHTGKHYE VRV:.TV AFKI\FGDFSDSVF 237
TLWHETQYRERGSDEWKSLDNGKDTQANIYGLRSNTEYEVRVRSEMRGYN4EGDFSIPSIF 231

* « k . ok . * * ¥* * % ook . . dode ok ok o ke ¥* .. g odeode ok ko . K

* H * . * * % s ek . . krkk ok ook ok khkh kA IR K I d Khkkkk ok okk
IHIPSTLVQESMYPIRLLLIVGVVLLLIFLIFILISQQQRLMVILLPFVPAPKIKGIDFE 297
ILVFS---KGSRIPISAVFILMGIAIGIMLILIVLSRKQKLMVILLPFVPGPKIKGIDFV 288

*w:**:* *. *.* - *-**-:*.******:*:*: -* . *- *: *: .
LLKKGRLDELNSLLSQQHVHKPN DDSWVEFIQIDLDDVVEKNNASDKQRLLVPSHHG 357
LLOQKGQLTEFTSILGAHPDLRPE NDPWVEFIQVDIDEPTEMMEGLDTPLLFSESRVS 348

- * * . * . e H * * . . . H . * . .
STRCLGS---AHKGAADSGLQLDHDREERHPLVSRSNSTPTLKMQNENQTHSDHNDGNTW 41
DSPPTSSGFLDDDSGRASCCDPDLSDHDHHGAHHPSTLIPNANLG-AQQSVVSHAQEPAW 4

* s ke kk e ek K ¥* sk kodk ok Kk * : * ¥* 'k‘\lr d ok ok * &

MNMDE AQVSDVLPAFGVVL”PLQQNSTLSKKKGDLKL L EKKKEDIQLMVLDPGGGES SEN 474
ONS-I|SOVAEVMPCGETLLCPEQ-NVTDDCNIQDKTSEYKEKRPWLMVTLNG--ESVNE 463

- . . W * .k . PR - * . ok * ek ok e ko *
anGHVVPESPSNQDPDOPfavLEPDVKEERWES Sl LEAPPPPSVLEPLEDffrvvQEVDE 534
PSSLIENNSTSQQCQNP---IIKPQTS-------- TVSPAFPILTMPTPPEJTMVDGVGW 512
s FEEE . . * * . * * *k  kok ok * ok . L. F
QHSLLLNPTPEPQLPSCPQNPTKCPPKQPVGMLTPDCWRTSAHECVSLIHTQPPNTHVON 594
KDSLLLKTSSAT--ESSFAAPKSGP--TPEGHATPD----—------ LLHSITTNK---- 553

HHIRPASV 602
———————— 553

Kl 2 ®776h GHR1 I GHR2 2RI P41 L X 43 i
TEHEF R M Ah o DU R BE A P B R B, B HER R FGDFS, W R RESIIX, KEHER IR Boxl Al Box2.
Fig.2 Alignment of scGHR1 and scGHR2 amino acid sequences

The conserved cysteine residues in the extracellular domain and conserved tyrosine residues in the intracellular domain are shaded in

dark. The FGDFS motif is boxed by an open rectangle. The transmembrane domain is underlined with two solid lines. The Box1 and

Box2 regions are shaded in gray.
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Danio rerio GHR1

Carassius auratus GHR1

Oncorhynchus masou SLR
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1000
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Oryzias latipes SLR

Oreochromis niloticus GHR1
Oreochromis mossambicus GHR1
Scophthalmus maximus GHR 1
Paralichthys olivaceus GHR 1
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Acanthopagrus schlegelii GHR1

Ges

Anguilla japonica GHR isf2

Anguilla japonica GHR isf1

3 GHRI1, GHR2 Al SLR 36

Carassius auratus PRLR

Fig.3 Phylogenetic tree of GHR1, GHR2 and SLR from various vertebrates

GHR1 1 GHR2 4> %Ki %, #0 GHR %
7E GHR2 #%, 1 K ks o f1 35 L] SLR 5 1261
GHRI [FfE—M %, $i¥] SLR 5 GHR1 R
MM E . NHHERE T CUE H, GHR2 /&M RRR
(M52, L HAREHES ) b # B A KIXAZ K
2.4 B2 GHR1 A1 GHR2 mRNA (1% 1A

FH S DRI S P 5 | 01 T 7 s % L 2 h 34047 3 1
GHR1 #l GHR2 4577, £ W] GHRI1 1 GHR2 )" #Z

RIETR OS54 R . WK 2 FE 4 /LR H
scGHRI 7ENFIE b 308 5 e, JLOO0 IRANE L SR
PERR, LG ERLC N R Rk B D T seGHR2 7E
Ko R h s m AR, WFNE. OB, P
s RS, 76 B RN A A rp Rk g b

2.5 WEX 7 GHR1 Al GHR2 mRNA 7K [
Al

Wi 3 MK S Pros, S 178-ME S, M7
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Marker B P L S H

Gn M G | K

500 bp
GHRI1

GHRAHIA Fe ik Ak
(GHR relative expression level)

S
FHBEE

1.2
*

I
0.8
0.6 L
04 2
0.2 %

: i
0
B P L

W GHRI
0 GHR2

Gn M G I K

fif (Different tissues)

K4 w7040 GHRL AT GHR2 mRNA KIA ) 2F 5 5 RT-PCR 2 #7

Marker: 100 bp DNA Laddero B: M. P: M. L: FFAE. S: e H: 0. Gn: B

[15:4
Ho

CHRFEAILE, P<0.05 WESB#.

M: WA, G: 8. I: . K:

Fig.4 Semi-quantitative RT-PCR analysis of the tissue distribution of GHR1 and GHR2 mRNA in the the southern

catfish

Marker: 100 bp DNA Ladder. B: Brain. P: Pituitary. L: Liver. S: Spleen. H: Heart. Gn: Gonad. M: Muscle. G: Gill. I:

Intestine. K: Kidney.

" Compared with the relative value of liver, P<0.05.

*2 5% A GHRI Al GHR2 mRNA KA & 7 5t
Table 2 Tissue-specific differences of GHR1 and GHR2 mR-
NA in the southern catfish

R Tissue GHR1 GHR2
i Brain 0.348+0.049" 0.249+0.062"
A Pituitary 0.533+0.077 0.077 +0.009
JFFE Liver 1.011+0.068 1.211+0.054
JBLAE Spleen 0.686+0.080" 0.987+0.086"
AL IE Heart 0.167+0.014" 1.1314£0.069
PEWR Gonad 0.626+0.094" 1.040+0.101"
LA Muscle 0.329+0.088" 0.474+0.080"
8 Gill 0.673+0.093" 0.867+0.079"
J% Intestine 0.537£0.106" 0.832£0.064"
B Kidney 0.178 £0.054* 0.232+0.047*

R R R PIE + hidE 22, BAFEARES N 5 B, 5T
ke, P<0.05 AZERRE.
Data was presented as Means + SE with five fish. * Compared with the

relative value of liver, P<0.05.

I GHR1 A1 GHR2 mRNA /K-35 1 F%, 1
TS 170- TR S2H 5, P RIKIKPFHR 2% BTt
I, 22T IR VEST S, scGHR1 2RIk /K 53 |k
Th, MM seGHR2 K- T-3%A7 W25 0048 .

* 3 WEXE 7O GHR1 Fl GHR2 mRNA Xk 7K
1 5 W

Table 3 Effects of hormone treatment on GHR1 and GHR2

mRNA levels in liver of Southern catfish

GHR1 GHR2

X AL Control 1.000+0.015 1.000+0.022
17p-MfE W7 17p-estradiol (E2)
170- 11 521

17a-methyltestosterone (MT)

0.805+0.037" 0.496£0.041"

1.416+0.027° 1.805+0.012"

AT A2 Cortisol 1.193£0.084 1.007+0.010

B AR A P + bRl 22, SRAIREA RSN 5 B, *P<0.05
FORR A AL 0 A P 22 7 e 2

Data was presented as Means + SE with five fish. * P<0.05 indicates

differences between control and hormonal treatment groups.
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M Control

1 000 bp

500 bp

500 bp

1.8
1.6
1.4
1.2

0.8

GHRAH Ik K
(GHR relative expression level)
%

0.4
0.2

Control E2

|

0.6 ®

MT Cortisol

B-actin

«— GHRI

<4—GHR2

W GHRI
OGHR2

MT Cortisol

AN [) 1) % Ak BT
(different hormone treatment)
5 7O FAE GHR1 A1 GHR2 mRNA /K PAERF A /S 48140 (RT-PCR)
M: 100 bp DNA Ladder. Control: M4l E2: 178-ME 8. MT: 17a-HIEE2H0]. Cortisol: ™ AIRZ .

“P<0.05 #REEMBYH G BA L ER .

Fig.5 RT-PCR analysis of GHR1 and GHR2 mRNA levels in liver during hormone treatment in the southern catfish
M: 100 bp DNA Ladder. E2: 17-estradiol. MT: 17a-methyltestosterone.

"P<0.05 indicates differences between control and hormonal treatment groups.

3 U w

3.1 GHRI1 ! GHR2 ¥ 45 MR AE

AR H RT-PCR A RACE AH 45 4 18 75 1%
By b v B 45 21 R 5 i GHR1 AT GHR2 42K cDNA
A | O S A (N IS N il C Acanthopagrus
schlegelii ) F)Je &' B 444 ( Oreochromis niloticus)
H v B 15 2 GHR1 I GHR2 [ ¢DNA (Jiao et
al.» 2006, 2 WIAH-F 1 2 [F] I A7 L5 PR3 A A [F] 5 DA
il GHR A& — AN I G 18 3k 2 By f 2 5
GHR, F KPR GHR 7E45 8 EREA 3L A 5
7 5. Lhw 76 GHR A6, 777 6 GHR1 Al
GHR2 #7148 GHR ) —S8kFAE X I (18 20, b
W5 AR RS I A FGDES 257, I 1 Box
Al Box2 JPHIHE. {H& scGHRI 1 seGHR2 1F 45 1)
A E e B EE I SR, E AR A D
TRARIEE H AN, 7E scGHRI 1, B4 T 7 />
IR, 1M scGHR2 A 44, AL EIE

O B H SR 28 GHR2 H #fAE 5 AN 4h - e
FRBRHE o T PSP e 2 R A K v] LB i — /> — il
B, BB AT I AR B T B B I R
Wi, I HLI RS AR B2 AR 1) 4 B S s ) 454
IR T AR BAE . GHRI1 AT BLJE % 3 A 6
B, 1 GHR2 Al fe B R 2 4> s, Ktk GHR1
5 GHR2 72 MM % ] BEAFE IR K 22 57, I
ZE AR Ress s B % H SRR S5 G RRR . HRi
AFCAHEN, GHR1 F GHR2 454 B A4 1 245 A =X
AT REA BRI ZE 0 . TLIR, A P R I R
HEHHEANF. scGHR1 A 8 M2 R, 1
scGHR2 MU KA 5 AN B SRR HE, I HAS [ £ i
GHR2 MU N B R IR TR S HH AR, 5 5 -7 Z A,
P T P I 2 R b L B IR AL 0T, R RAE S
BOE W AL B D RE 2 A (Wang et al., 1996), 1M
GHR1 A1 GHR2 Jfd A 1% 24 BR A% L4 H (1 AN [R) th 22 1]
BG5S TR E . BT
GH nJ LAY 2 ML 1) 5%, 46 Spi 2.1 o
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¥ 52 %

fosv B-casein. JR & 2 FI4H i (5. 2% P450 11C13 55,
AT AT A P 30K 2 4t 18 42 5 TR 1) )3 ) 7 A g Pl 13
YL pl A LR, L Spi 2.1/CAT. c-fos/Lu-
ciferase 25 HRAE GHR WIRE TN R G FATRA
IR TR R EAT T R AR DI RERE AT, 4
R B GHR1 (sbGHR1) #1 2 ] GHR2
(shGHR2) 52 Be AR fill 5 # e 0% Spi 2.1 A1 B-ca-
sein A8 FiE M, JF H sbGHR1 H shGHR2 IR
BWRMEZ. B2, 55— HA sbGHRI REHUTE c-
fos BB FiE M, 1M sbGHR2 A BEWOHE FL3 1,
] sbGHR1 Al shGHR2 15 5 5 ‘i@ 42 A 1R K2 5
(Jiao et al.» 20060+ & T-7E R J7 fifi i 15 A7 A5 4
IR PRI R 2R G S s LI E R, B
HE— 25 1) SRR S
3.2 GHR 5 SLR X H

H i H A2 3% se b 0F 0 b7 7 %0 GHR 1 SLR
FEREER, IF HOAESE 8 GHR (GHR1) 5%
b5 b2 2 SLR, i L GHR BL &% Kk i 1
GHR, H GHR2, A &K IE WA KR 2%
(Fukamachi et al. » 20050+ FATHLHE X 2 Gt 240
(K 3D, XF 2 A7 Mg W 2 4 UL A GHRs
SLRs 1 45 ¥ 20 BTN K5 Fukamachi %5 A (190 i {5
M. B, MR AT UG H KRR fA R
#HL SLR 45 4 2610 GHRI FI/E — A eh, 309
SLR 5 GHRI [RIJEMEA 5. HIR, Fukamachi %5
LI R4 eh 40 B 7 SLR 1 GHR (9 55 K 45
. RIFHFLISLR B9 M E T4, H GHR H
8 MAME T UIRL . FRATTAE AR I fifi 55 R 4 v oy 25 HE oK
(1) GHR1 Fl GHR2 8 4& 73 5l (1 9 AN F1 8 N4 T
i (B . HLSLR BT 52 GHR 765K
SR EAEAEAR LR Ah, RS i 4R B R A
B, =& A 7 A MA P R AR AL, [F A
GHR & H 7 Mo e s i vk 5L . 56 4 2L
2, WFLEE R A TEvE 3 B GHR1, 117 M 2R 7 i
(3L DA 21 b B JE VL #6381 SLR. Uk, By 4 oA
GHRI1 #1 SLR () 5E PR AT g A R W) 5 440 IR,
A GHR & (14 fis X & 9 AN B Fal k. #
ALK LR AL s 254 15 N GHR AH IR (1 £ 28
GHRI1 @4 4 SLR, Tk 2 8 M1 H ALK 45
5 N GHR M 2= ) 2% GHR2 & e fa
FLIEM GHR. $5df, FATT A I A0 20k W] i A7 76
P FLEZ A (PRLR) CRAREED, I HMNF
LI < il e R 21 bt 49 85 1E T OX M FP PRLR, &
AT AR TG 5 XA 2 th 8 AN 2141

XPHE R 1) o B, #E N (5pl2 — 5p13).
AN CISADD S X8 (20, 250U 2 3%+, GHR
5 PRLR 7 T A — B o4& by A5 ] il f1 ( Te-
traodon hispidus)> GHR1 5 PRLR2 £ T 12 5 4
Ak b, T GHR2 1 PRLR1 #EMA T 4 5 4L A4k
Fo XM AR GHR FIP AN PRLR R 7]
R e BEDRI A =), VT A0 SRR A SR R A 2
(Hoegg et al.» 2004,

DL AR B 08T, RATIA N ZEA# Uk GHR1
FUSLR M4, I B0 2R 455 L5 (Re-
ceptor binding assay) A 43 th. WA GHR1 #
GHR2 #fe 5 AR GH 4y, HeRM I KT 5 SL
SEEISEF ), A R AP S GHR: A
B MR =245 5 SL 4G 1SEM I KT 5
GH 255 R M ), WS AR N A 424 SLR. 14
FRAG SR E A W E W Fukamachi %5
JIiF: GHRI /& SLR, J5-2 AR 4 5 PR B0 6 &R,
AT B () P A PRLR 22— 52 15 42 £ 2 i 7 1A
o AN H AT AR AT T R I AR K R T IR 2 Ak
MARFIER) PRLR? %I 26 ] @ R AT, 0%
TEOI A0 2 A 322 R LR N 70 Wb 2 A IR — A e T 40
o
3.3 ®/7fif GHR1 A GHR2 41235 #i

g i RT-PCR A& —Fii H (0 Rl 20 2R 3R 0k
ST TV, HA TR R R AR A
ARG UL B-actin AN Z, 2R B-actin 1) mRNA
KVAEZ BN R RIEM SR8, H EASZHM A
BEARAG e, DRI R A D P T o LA 4 i P
L R T R IA R S R bR, AWK B,
scGHRI M1 scGHR2 ¥z 73 i 1~ B J7 il % A 241 2,
TERFRETR, PR I ERIA K s, Ut B AT 0T A2
GHERIM =2y, X5 HLE M3 GHR 448
RIEM LR — 2 (Lee et al.» 2001; Tse et
al.» 2003; Fukada et al.,» 2004; Saera-Vila et al.
2005; Jiao et al.» 2006). 1HAZPIFI GHR 7 H4L4]
B RIEE A A, el scGHR1 78I (1)
FIEIKT- AR T scGHR2 75 /0 Ik 1 1 3R IE 7K
XA ZUSR AR b 1) 2 e 2 BH P P 52 A0 4 PN B 2 21
A RERFEA R AE LI RE .

3.4 BEXF765 GHR1 F1 GHR2 mRNA 7K (1)
Al

H A, AR R 2 0 GHR &k 775 10T
FEBEPTEW AL, MAaRMTFTRIED . AR5
KW, & 17p-M —/E (E2) WFLE, w705 AE
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GHR1 1 GHR2 mRNA 7KV {2 35 F B {0 & 75/
FLahyr, PRSI R GHR (0 5 R D0 H Fh
22 ANEVIBR AL Rt L, £ E2 &b
BE, M GHR mRNA KF R (Yu et al. s
1996), {HEZ E2 B KR, AT GHR mR-
NA 7K*F- EF+ (Carmignac et al.» 1993). fEfa2g,
E2 X GHR (15 M) i 75 A7 5 P R) 22 e i A7 fe gk —
WAE S B, Leung 55 UF B 7 M 2% 8 2ok 0 1
JAK2 B 1 46 i 0 1 GHR 15 5 # 5 @ ff——
JAK/STAT #&4%, KA v He< N GHR [F3Rik
(Leung et al., 2003). HERFE X FL3I4Y GHR 1)
SOl SRR R 25 S T SR SR 4 R G T IE
GHR mRNA /KF EFF (Yu et al.» 1996), {HZX}
KR AE GHR mRNA K% A 84 (Carmignac
et al., 1993). HEBCEFIFEHEmMARMAELK.
o, HIESEE S S E A K (Riley et al.
2002; Sparks et al.» 2003, {H & X} firifa A= KA 4
HAEH (Mandiki et al. » 2004, 2005). Hil, X
TR 6 Bl £ GHR 7K P (R 58 L P R DL 4R
AL R R, 45 5 7 Bl AE AR S 170 S 52
Ji, PEEET FFE GHR1 A1 GHR2 mRNA 7K - 1) &
#F LJb. BMCORE, GHRI1 AT GHR2 #0552 125 [
PEMET, JFH GHR2 Lk GHRI1 X3 4
&, ARIREERECR . BT REEAS, iR
W GHR Rk, IF HXFLsh ¥ GHR IR IA
HHLEERYE. Lietal. (1999, 2002) IEZ A1)
FARCEL 20 20 L E GHR mRNA KF- LT, {H
A H N GHR mRNA /KA W SUE . 7 7
JHFE GHR1 mRNA K& ] s b3 5 2 2% EF
fH/Z GHR2 mRNA /K% A 54, W7 P3P sz 44
TERR N AT RE R FEAS R ) ThRg. H Al 5 FL 3 )
GHR L 5 4 X R T — S 1 e o1, a4
MEBZE N 0 (Estrogen response element) F1HE
I #E N % JoE (Glucocorticoid response ele-
ment) (Goodyer et al.» 2001; O’Mahoney et al.
19945 Menon et al.» 1995), Al i ] i 38 25 %
GHR #sk /ARl g gl i 5 Bk N & ot
B NI %M GHR 1R 5 K-

B;OW AT B A SR A A A RO L
(Christopher H. K. Cheng) #% K13 F8, #Fr
RS e
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