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WE: VHREFTERNEARRXA(FSHR) X E M w R U R ZEHENER AT A P £
kR, L0 H kKA Smart™ Race K, KB T HF MA@ B £ X KEE cDNA 2K JF
B, % &£ FH A K 2340 bp, 4 %2 661aa, B G & G5 18 8 % 48 % % (G protein-coupled receptor,
GPCR) 1§ 7 /% f# ¥ j% X (transmembrane domain) , £ oM X 3,45 2| 8y FSHR 3 H F 7 E 4
INEermaABmMWELMFF (LRRs) ;5 NE AW N - 354 £ L ;& & # B C(protein
kinase C,PKC) & & fb.f & (“°Y) L T % — A 4+ 37, C- K 3% ( C-terminal domain) G % {4 8 B
R, 3 ANE M Cam (™SS, ™T), XL KM T4 5 FSHR th 1) # H %
WK%, RT-PCR X H ,FSHR A HENEF M P A EL X AL M ALF AT ED EXHE
MRAEEEAME , NE FSHR EE R FNMH ~ VA TRE AT, EVIHEE T B, #
RN, JFEF FSHR AR S 5 & e T HARRAR N EZR NP ELAE,

KW : HH e, RIMWEHR W, EETE; + &2 mRNA kK

XEARERD A

hESES: Q786; S917.4

fle P i 3R R O R (GnRH) (2 P8 IR R
( GtH) FI P Ji 25 i it 35 3R 02 20 i A7 A T 8 [
e PR OGRS R HESh Y ) A B
Y. SR I EHESH Y A TR, #0284 TR )™ B
KAL) BT I AL T AR TR [N - TR -
Tl e o A A S A e 3R A A B4 0
M2 B A2 PR R W R AR BN B R ( follicle-
stimulating hormone, FSH ) H £ # & # %
(luteinizing hormone ,LH) ,¥J@ THEHH X, B
A& — AL [F Y o- S PR DR 5 M B-
WA (FSHB Al LHB) |, fie 7 51 85 19 %k & Aok 4k,
A I R BRI B P SR I T B e R
VR R R A 2R A ol e T AR R 2 A
(GtHRs) 2 5 98 #2119, e, 412 B9 360 38 3% 3% 1
(follicle-stimulating hormone receptor, FSHR) J& T

Wi B 89 :2011-1221 1% 8 B #1 :2012-06-13

G & 1Bk % K B % % (G protein-coupled
receptor, GPCR) 4 A2 B I K (FSH) 2 5K A
HEAEMMIEE" . LA NIk, AR DM
( Danio rerio) , 5% p5 X R #i ( Ictalurus punctatus) ,
K 5 w4 4 ( Oncorhynchus rhodurus ), J&
( Hippoglossus W R
( Cynoglossus semilaevis) %5 Z i F AP T
FSHR JE[R 77" JFiiAT T 419 %35 058, & 3
FSHR 3 PRU7E 5 2R H6 1) DG 20 0 B S5 ) 19047 2
s HBES A A E KR E X
5 FSH £ 58 T8 s i il A — 557 .

E AWM, 7R 45 FSH #1 LH Y
PR WX L K AR S A A
JHY TSI W 59 5L K 7R b FSHR 2
FEHWWH AR LGB EXT

hippoglossus ) ,

BN A TR K A= B Wy 38 A% R RN IR A AR 4 2 B T SR 50 = o A TR ( BZ200709 )

B AEH . 5 %, E-mail ; wenhaishen@ ouc. edu. cn
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FSHR J&[H 223K 190 5% Hh B0 7E Bt i 32 g i %6
B A 2 IR A AR A DG Ak i b, FSHR JEH 2 5
B A7 SR P P 5 AR AT LA O
T FSHR JEAWF5E 22 G TE THE 1 & Ak o R i 18 4%
IR B S AT A T2 % FSHR S PR (e
A A 22 S B KR 2R f i 9 20

W i ( Pelteobagrus fulvidraco) 2 3% [E 5 2
AOTR K IR 5H A, MEME MR 2 BE R, R R E AR
FROFFE A AR XS 5 o A S LN T FR A 10 M 1 B
Fifa W 5T 0 g, W H [ 6 5 B Il RACE $0R
733] FSHR 3 X 1y 4 K cDNA J¥ 51, I ] RT-
PCR /5% FSHR J K 7E S [A) 41 23 Fh e A~ 258 A 1
(OE Sy v

Rk

1.1 SZIEH#

EHECRE T IR IR, 15 H & R 4
WEPE BB M0 20 B, MBS —4F . S0 AR AR K TR A
WEFR 2 ~3 d, KA (=4 mg/L) , AT
JEHE (121 12D) , [ SR Kl o Ak 1) I o o I i B
SOFHE Vi L0 Bk A S 44
— B> Bouin [RIR [E E , T4 R, AR TAE
WA P R T O RE St mRNA SRR S0 50 i R
SRJE RS 2 - 80 C BRI VKA Hh RAF A5 T

1.2 EARFSH

K [ 5E 7 Bouin [C K Hp A DI 5 20 21 22 % AL
BEWE ARG WK, W 2R B W], A A, A
LEICA-RM 2 016 B4 K #L¥) F, B K 5 wm,
H. E Ju{a,, P i $F |-, Nikon E 200 7Y & i 58
T S B . AR H.E Je g R K s
GRS REA S N S TR 1)

1.3 RKFE3%

Smart™ Race cDNA Amplification kit %7 &
) H Clontech 7 &), 5 38 3 5 B & I8 DNA [5] i
R & . pGM-T £k B b 3 R AR A AL B A R
AT, KIAAT # DHS o F1EE A 5ol ] HiFi Taq [
W Bt st 2 YRR A R A A, RNA 2 10
7] RNAiso Reagent FI 3 K 3 35 Ir F Taq B i 5
& W H TaKaRa 2\ ®], )X ¥ 5 M-MLV Iy H
Promega /A H) o HAWIK R 3 2 [ 77 ot i, 519
HAETAY TERE) ARARGR(E D), H
dr FSHR {5 315|% ( FSHREF/R1,FSHRF/R2) hij
CodeHop #: % "', 5'-RACE ( FSHR-5) 1 3'-
RACE (FSHR-3-1/32) 5| ¥ % %235 2| ) ( FSHRF/
R) #]H Primer premier 5.0 # 4% 11
1.4 5 RNA g4 EXF1 cDNA B & R

B - 80 CORAFM A (B8 0 KL BR
B H V42144 100 mg , ] RNAiso Reagent

E1 #EH&NEALAZY R
LD (& A 000 G0 RE 40 1) LR =70 ;2. T (35 A 00 20 01 3 1 BB 200 ) L B R =70 wmy 3. IVIS] (554 TR 4 01 5 11 B B 4 )
IR =70 pm; 4. VI (A A BTN 3 0 R R4 ) R =100 wm; 5. VI GEARAY 1508 He R =70 pwm; 6. GRS AMILIE .
Fig.1 Histological photomicrographs of the ovary of yellow catfish

1. stage II (consisting of perinucleolus stage oocyte) bar =24 pm; 2. stage Ill (consisting of primary yolk stage oocyte) bar =70 pm; 3.

stageIV (consisting of secondary yolk stage oocyte) bar =70 pm; 4. stage V ( consisting of tertiary yolk stage oocyte) bar =100 um; 5.

stage VI (degraded ovary)bar =70 pm; 6. morphological structure of ovary.
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o 36 %

F42 S RNA, BUIR A BE B HL UK A I RNA S8 Bk
JH DNasel iff 2 B3 ik K 20 DNA | #% 2 4 B2 I & 1)
( Biodropsis, BO-1000) il 52 RNA ¥ &, & 4H 41
RNA 735 1] M-MLV i &% 5% il ) Oligo (dT) s Ky
1914 B cDNA 55 — 4 . & B cDNA T - 20
CHRAF

£1 HFPEFSHREELKEER
H7EE RT-PCR RiZFT A5
Tab.1 Primers used for yellow catfish FSHR gene

cloning and mRNA expression analysis

519 IPFH(5-3")
primer primer sequence
FSHRF1 CCTGACCTACCCTCCCAYTGYGC
FSHRR1 GGCGAAGAAGGAGATGGNGCCATRCA
FSHRF2 ATCCCCACAAACACCACCTWYGTNGARAT
FSHRR2 AGGAAGGTGAAGCCCATGATRTCYTCRCA
FSHR-5 CATAGGCTTCAATACTCTGGAGG
FSHR-3-1 CTGCTCTAATGCCAGTGATAGGTGT
FSHR-3-2 TGACAGTGCCGATGCCCGTGT
FSHRF CTCTAATGCCAGTGATAGGTGT
FSHRR AAGCGACTGGTGAGAAGAAAGA
18SF CCTGAGAAACGGCTACCACATCC
18SR AGCAACTTTAATATACGCTATTGGAG

1.5 FSHR ER£KREE

F RNAiso #2 U RNA AL R 4 1 I 7€ 430
FE A RNA ¥ fF B 1 pg 4% #8 Smart™ Race cDNA
Amplification kit & | & Ui W 5 & BB — 5
¢cDNA. 4 it 5'-RACE #I 3'-RACE c¢DNA %5 —
$iEfd1 1] HiFi Taq B 050 & 9 4% B84 38 B A5
PCR ¥ 14, 4§ 145/ PCR ¥4 1. 5% 3 i 4
BRI HLVK A3 2, M g 2kt o T T,
[ ) DNA 3% 2 31 pGM-T s i, 5 4] 756 b
% DHSo B2 540, LB V-4 37 TRl 37, i
I BREPk  BE 5% , T AR PCR ARG, FHPE 5 R ik 2= b
AR A EE
1.6 FSHR EF2KFIHSMEHLMIEE

J¥ 1] DNAMAN i 20 JE 1% J5 91 , Ji i NCBI
TR A 64T BLAST [R] P8 1% 43 47, #1 ] Clustal
X fil MEGA 4.0 % $% 1% (Neighbour-Joining, NJ)
P R GRS o TR S i 1R 45 A 1Y B IR 4
X I f {5 5 Kk {fF ) http: / www. Irrfinder.
com/, Tl A ¥ B C(protein kinase C,PKC)
o7 /5 . N-vg B 2L {k v/ A& ( N-linked glycosylation
sites) | Ser, Thr A1 Thy #f B8 1k 17 &5 43 5 £
NetPhosK 1.0 NetNGlyc 1.0 Server,NetPhos 2.0

Server 47 UM
1.7 FSHR EFERARBREMPEEEEF
Hh KRB

K H 2f % i RT-PCR 3, K ll FSHR 3 [
mRNA 76 Mt 2 Fifa 41 20h (I ) K o 52K ()
KB B ) IR0 0 (B SR R F S R AR i
AV ZE R B — KT Bkt 4 400 4
LM ) o cDNA B B J5 B 1 pl A b B Al k17
PCR ¥ , DL # #i fi 18S rRNA 1E Jy )2 i (9 N 2
I ,18S rRNA JIriff 47 1) PCR JZ N 451 94 €
FiAs P 5 min, 94 C 30 5,57 € 305,72 C 30 s 4t
18 A~ ¥, 72 C 10 min #E i, HE R 5 Y
FSHR-R 1 FSHR-F PCR % I £ 4 94 C HiAs
P£ 5 min,94 € 30 5,62 € 30 5,72 C 30 s 3t 35
ANEFR,72 C 10 min, B 5 pL (# PCR =4 k17
HL UK , % LUK 45 2R R F] Lane 1D & Ji 1815 AL B &
G AT oM o
1.8 HIEFESH

FIASE I 1 2 7R - ¥ 80 + BR iE 1R (mean =
SE) , >k ] SPSS Geit kAT B A 3R U7 22 53 M I ik
17 Duncan Z# L (X4 P <0.05 BN HZE R R E) o

2 4

2.1 #Hfa FSHR & F ¢cDNA £ F 3 5= & 0
i

31 I B A0 0037 8 9 L4140 RNA i 34 Touch
down PCR J7 %, 43 il Fil 7 X £ - 51 4 9 484 15 %)
B SR A L KB 40 01249 9 830 Fi1 880 bp (&1 2)

M FSHR FSHR M

880 bp
900 bp
750 bp

900 bp 830 bp

750 bp

2 EFHSIM PCRYyBHER
FSHR: fi 3P 51 4 PCR ¥ 3 45 5 ; M:Maker 11
Fig.2 Result of PCR amplification used
degenerate primers
FSHR : The result of PCR amplification used degenerate primers,
M :Marker 1II.
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500 Ty I B3 3K15 1 565 bp FSHR R A B, #
e T 45 A B 51 43 5 383 5'-RACE ¢ 3'-RACE
Fes ol ¥, 444 3] FSHR 5 R 2K )5 51 2 340
bp (555K JF919484) . FL4i7T 661aa, {175 5

R4y X 177 bp, 3" B4 X 177 bp, ¥ B2 AE
1986 bp (& 3) ., 1 DNAMAN #i % 4> K i &
FERTH(E 4) M, iz ik A R G-
I 57 PR 45 # , A0 35 14> N - oK 3 il 4b X8

! GATGGAGGCTTAAGG TAATCAGTCCAGAGTCTTACCTEGAG TG TG GAGA TGGABG CACTGAGGGCTT TGCTCOGGCT TTAA TAGAGTCA R TAMCCATCGCT TTACCACACAGGATAGA
121 AAGAGTGTACTAGGAGGGCATTTCT TCATAAAAATGAAGAAGATG6TCTGGGTOGCTATGE TGCGCT TCACACTCTCTTGGCTCATGATGCACGCAGGGGACA TG TT T TAGGATCTTAT
1 MLRFETLSWLMYHAGDMFLGSY
241 GCTTGTT T66CCAATGEGACAACTCGCACCT TCTTGTETCT TGGCAGCAARGTECATCAGA TGCCATGCCAAR TACC AAAA AATACCACATACG TGGAGATCAAGCTGACTCAGATCATC
22 ACLARKGTTRTFLCLGSKYHQMPCQIPKNTTVYIVELIKLTQII
361 ATGTTTCCAAGTAAAGCCATG TCATCCCT TCATGACCTTAAGCGCAT AR TGGTGTCGGAGAACGGAG TCCTOCAGAGT AT TG AAGCCTATGCATTTGCARACCTGACT AMACTGGAAGAG
62 MFPSKAMSSLHDLEKRIMY SENGVLQSIEAYAFANKNLTEILEE
481 ATTACTATTACTAAATCAARAAATCTTGTCAGAATGGACAGAAATACAT TCTGGGGACT TCCAAGAC TGAGATATC TEACTATT TCAAACACAGGCCTCACAGTCT TACCTGACTTCTCC
102 I TITKSKNLYRMDRNTFW®WGLPRLRYLTISNTGLTVLEDES
601 AATGTCCAGTCTGCTGCTTTTGATTCCTGTTTGACCTAGAAGAT AACATGCATATTCAAGTGATTCOCAGCAA TGCTTT TG TGGGACTT ACCAGTGG TACAATAACCGAACTGAGACTA
142 NY¥YQSAAFEFLFDLEDNMHIQYIPSNAFVYGLTSGETITETLRIL
721
182
841 GAAGGCCCCCTCGTTCTGGACATCTCCCGCACTGCAATCAGTTCCTTGCCAGAGAACATCCTGAGGAGACTGAAGC TGCTGATTGCCACA TCAGTCTATTCTCTGAGATGGCTACCCAAC
222 EG¢GPLVLDISRTAISSLPENMLRRLEKLLTIATSVYYSLRWYLEPNK
961 CTGGAGATAT TCACAGAGCTCACTCAGGCCAACCTCACGTACCCAAGCCACTGCTGTGCCTTCAA AAACTTCAR AR AG AMCAAG TCAGCG AAGAACCATT TT TG TAACGATTCCATTCGC
262 LEIFTELTQANL L VJPSHCCAFKNEFEKEKNEKSAKNHEFCNKDSTIR
1081 AACGAGGAGCCACATTTCT TTAAGGAGCACTCTAAGGATGTGATAGAAG TG AGCTGCTACCCCAAGCCAGATGCCT TCAACCCATGCGAGGACATCATGGCCTTCACCTTCC TG G TE TC
302 NEEPHFFKEHCKDYIEVSCYPEKPDAFNPCEDIMGFTFLRIE
1201 CTCATCTO6TTTATCAGTG TGCTGGCAGTCT TO66 ARACTTCACCGT TCTG TTAGTGCTOCTCAG TAGCOG TACAAAGCTAACAGTACCCAGGTTTCTGATG TGCCATTTGGCATT TGCT
342 : 3 A NOE T VL LY Iserketver el TR
™I LI v
1321 GATTTCTGCATGGGCCTCTACTTACTGATAATCGCCTCAGTGG ATGTACAAACCCGATCGCACTACT ACAACTA TG GCATCG AG TGGCAAACCG G TGC TGGG TG CAGC TCGGCAGGCTTC
382 e rsHY vy NYeIEVY QT 646 c NG
« ELT
1441 CTGACAGTTTTTGCGAGTGAGCTTTCTGTATACACGC TAACAGCCATCACACT CGAGCGCTGGCATACCAT TACCT ACGCCATECGCC TG GAGCGCCAACTCOG TT TACACCATGCGTGT
422 B erwvieTITYAMRLERQLERLHH N
CH >
1561 GGAGTCATGGOGT TGGG TTGGCTCTTT TCOGTCCT TGCTGCTCTAATGCCAGTGATAGG TG TGAGCAGCTACATGAAG ACCAGCATATGTCTACCCATGGATGTAGAGACGG TG TCATCA
462 AT EERNER s s v v KT S I CLPMDVETVSS
« .17y §
1681 CAGGTCTACG TGATGTTGCTGCTCATTCTCAATGTACTTGCAT TTATGGCAGT TTGCACTTGCTA TG TGOGCATC TACCTCACAGTGCGG CACCCTCTTCGGTECCTGACAGTGCCGAT
502 Q VoY Vo WYY < [ ' L TV RHPASYVPEDSAD
I -
X Ll
1801 GCCCOTCTEECCAMGCECATGOC TG TGCTAGTCTTCACAGACT TCCTGTGCAT GG CACCCATCTCGT TCTTOGCCATCTCG CAGCTCTCAGGCAACCACTTATCACCGTTTCACA TG CC
542 O v LV F T D F L CM AP LS FFE A LS A A UM
+ BT
1921 AAGGTACTGCTTG TGCTCT TCTACCCTATCAAT TCATGTGCCAATCCCT TCCTCTATGCCTTCT TCACCAAAACT TCAAGCTGGACT TCTT TCTTCTCACCAGTCGC T TGGCTGTTTC
582 \ W T K K FKLODFFLLTSREGCEF
2041 GAGTCACATGCOCGTGTCTATOGCACAGAACATCTTCTCTACAT A TGGCCCTAGGATGTGC TCAGCCAAGAA TAGTGA TG 66 ACGC TATACTCACTGGGACA TG TTGCTCATCCCCAC
622 ESHARVYVYRTETSSLHNGPRMCSAKNSDGTLYSLGHVYAHPH
2161 TGACCCCCAAMMACTTTCCAAATTCATACACCATAAGCTAT TG TCOTCTACATATGATC TATTCCATGCTGCTTGG ACTTCAAAAACCAT AA ARAGGARATAAA TACATCTG TACAARAT
662 *
2281 TTGCTAACATCAAATATATGTGTGCAARATAGCCTCAMCTCAARAAAAAAARAA AAAAA

E3 #HH & FSHR EF cDNA £K 55
I H D T ATG {55k :M L R F T, B B¢ X (TM T -TMVID) - 2 i (1 5 DEIEINIEIRA , o 1 57 (I T -ILTM) . — , M 4h 3R (EL
[-ELI) ;e A6 i) NSRS A & [N G T T), & L% 7 TAG B0 h BT RSN 58— IF 6 ( BAT) AL R F 51
BT M A (FAT) .

Fig.3 Full sequence of FSHR gene cDNA of yellow catfish
initiation codon: ATG , singal protein: M L R F T, tramemembrane helixes (TM [ -TM VI ) : black backgrounds and white words
[HKN K

N G T T],termination codon: TAG ,Numbers indicate the nucleotide position starting at the 5'of the sequence( top line) and the amino

,intracellular loops (IL | -IL Il ) : —, extracellular loops ( EL | -EL IIl ) : «—, potential N-linked glycosylation sites:

acid positions starting at the initial methionine( M, bottom line) .
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- N g cysteine-rich d in LRR1 LRR2

yellow_catfish AL RFTLSWL GSFACL mwxmﬂxmmm

h 1 catfish L MC I ... NC.......... R ¢ £ . ..R..
zebrafish ——AVLSM . C. I. GCSIANTE. TLAA QF. AF. . ————5.
amago ———3AGMKKIMKMLLCVLGCVS. SQAEV. MVNS. ——————. _ F _DLF.QHRV..QE FINQQ TA VLT.. ME .G———

inbow_trout IMRMLLC. LGCVCVSQAEV. MVNS. —— . _F. Y. M. NTITH .TH...... DLFQHRV. REFINQQTA VLT.. ME .G——
tongue_sole MWTANMTTVVTSCLALL. T. FGVN. TMAPD'I’NA.DEATIGKQSIJSNLSFG TEILFN. SSS. E. LRVQH. . VIVIRQSVL. H. QL. TILIIL. . NR. ET. GPFAFANFP
J _eel - TPLWVLF. GLVS. TSCVAMHV. . . . . ——...S.E.V..RN..TV... ESEINEEEIRI. 1. RA. F. E. . EECEEE— A BEG. A——
Ne y_rat -QD...TEI. TDL. R. ATELRFV. . KLRVI. KGSFAGFG. . EK. EI.Q.D. . EV.
husan — a . _V...QE...TEIL SDL. R. AIELRFV. . KLRVIQKG. F. GFG. . EK. EI.Q. D. . EV.

hiclk - SLDLTCL. IU.ASGGCG'IHT,.CE—.I,IAHL.V.LRD..T.Lm..mI.KG.FTGH..mEI.QMEI,,

- L S
yellov catfish MAYENWWMWWWIWMM
1_catfich .. A &

zebrafish -
amago z
rainbow_trout .
tongue_sole KISEIIISENALE)IG F..S. AL..R.CTQ..R. IL. . l..
J _eel .H.S..SOURSRRSEN  F1Ecca . N . HE KDL g Uivies HP...L..s.D RIS EE
Ne y_xrat -DV.S..P._.H _REAN LYINPEAQN..S....L .. .. TKH .AVHKI. . -1QKV.L IQ . IN. HIVAR S.M .SFESV-I.W.S._.._
human ————, DV.S.,P,.E.R.E.AH.LYINP’EAQ{.N.Q..L....KH.. VHKIH -LQKV. L- WINE
hicl NV. SS.

channel catfish ....
zebrafish
amago
rainbow_trout
tongue_sole . .
Jepanese_ecel ..SQ. . .. V....IW..RTE. . TKK. ..
Noxrway_xat - . . Q.. KVH. ..NHG.EN . KRR T.RKK. ...
human - .- DV. RH..SYG.EN . KRRT.NEK .
chicken

yellow_catfish
channel_catfish T...
zebrafish —GAH. . . DFF .
amago GAQ. NLH mr l.NWTS A S A.
rainbow_trout GAQ.NLH .. MDF. LNWIS.A.S.A. ..
tongue_sole KA. DDVH . YRD. . SNSTSIT.S.L. . E.
Jepanesze_ecel P
Noxway_xat
husan
chicken

zebrafi ah
amago
rainbow_trout
tongue_sole
Jepanesze_eel
Norway_rat
human

chicken

yellow_catfish
channel_catfish A . A I...
zebrafish
amago
rainbow_trout
tongue_sole N .
Jepanese_eel
Noxway_rat
husan
chicken

yellow_catfish FLLTSRFGCF
channel_catfish . V.. .
zebrafish = . L .......
amago
rainbow_trout
tongue_sole
Jepaneze_ecel

Noxway_rat LILLLE LY. MQ QI . . ATHNFHARKSHCSSAPRVIN—/S. V VPLN. SSQN
humsan .ILL.EC. . Y.MQ.QI. . . . TVEINTHPRNGHCSSAPRVTS. ST. I. VPLS. LAQN

chicken -I.LL.LK..C.MQ.QI.

& 1

- SAHNFHTRNGHYFTAS. . . ... I...VPLN. IN—

E4 #FH&E FSHR 5HAMHH FSHR 558 5 5 bkt
i 9 B2 52 M X 8 : LRR1-9 , 35 e AL A Ay B 1 6% 00 4 5 05 M0 1 < oy S 1 S
SFIX K B C, GpHR 15 B #55k 44 <7 {5 5 ¥ 4] : [CCAF] , [ERW] , [FTD], [NPLY], i 7£ 9y PKC # 2 1k

il

Fig.4 Alignment of yellow catfish FSHR with FSHRs from several other species
singal protein: MLRFT; typical motifs of the LRR1-9 are shaded and their aliphatic residues are marked in bold ;tramemembrane helixes

(TM I -TMVI) :black backgrounds and white words [[§lIFUESMEIEAG , high conversed domains rich in Cys residues: gray backgrounds and

black words C ,special conversed signal sequence of GpHR family : ,protein kinase C sites:
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A BB A O I IR R B2 AR R IR 1Y o R T A O £ A G R 3 eh i 3R 1381

(extracellular domain, ECD ) 340aa J2& 8 Z 12 7 1
A A X, Hoh Al AR N S 2228 20 A
A5 5 IR 41) 5 AR i 17 2 BT 4 0, 32 ik PR A8 N-
A i LA XIS A S A N-fﬂ%%%%ﬁ L2k
M SRR DX A5 O B S8 R A AL AE I
%1 (leucine-rich repcats,LRRs) ,LRRs 2 H 1 P&
FEIY B Ak SE A 2 B Y £ #5 LxxLxLxxN/CxL 1)
HLEFH) (x AT DL RAR ] — D& IR, L 25 &
MR, 280 2 R LAt K kR R ) L B R -
WRE X o X g — Bt HoAt G-2 (1 8 BK 52 AR A {0
7 IR % I 2 g X ( transmembrane helix, TM
helix ) #4) i B% 58 %€ B JC (anchoring unit) 3£ 260 aa,
&8 3 M9 N FE (intracellular loop, IL) (IL T -
ILT) F1 3 Mg #h#F (EL T -EL 1) ( extracellular
loop,EL) & B A 5 M R 4 & {5 515 S
FAU S S FERANR LRI A AEAE | AR R
TRk Ak, HHE 0 Oy B B A — AR g HE B UEE C
(protein kinase C,PKC) B R A7 5 (" Y) o T4
AL A R, dic a2 — B 58 aa YA L N C-oK i
( C-terminal domain) [X 38, 7E 1 > X 38 3 177 A
B R T 3 AEA B C A7 kR AL A
(7'S,°8,""T) , MHEEILIX L, & ¥ T GpHR
FIE MRS 5 )7 91, ™ CCAF, " ERW , ™ FTD

FI7°NPFL
2.2 REHUWSW

FIFH Mega 4.0 #AF, W FH NT 3L X T 31 8
GIHATRE A (B S) o 458 Bow, B i A
B IETE B — A 4 3, R LA R RS A
W — A 53 3. fE R 0 0 3, 5 8 B
FSHR 7 % O¢ & 5 i 19 o B 50 )2 i FSHR |
WM BE Hy f8 FSHR I H 7 68 fig FSHR , 8 H A5
AR 1 B R
2.3 FSHR EEEARARPHRIEDH

K € & RT-PCR £ FSHR 55 PR7E 1
WEVE B Bl R A AR P RB (K 6) . WNEHE
H18S KL A B AE & A A b 7 1 B4, w] DUARBR
RNA $E W AR I 25 2 . FSHR JE R AE 3 5
O I PUIE VB CE DR S R K E R
Jon v ¥4 ek, HLZE OISR G v i 2k i A o
2.4 FSHR EFEPEEEFBHBRIESH

FSHR & PR 7E O 5528 58 30 v i) IV 9 3558 d
HNEE(P<0.05), RGHEEIP R L H, FSHR
HE DAY 2 35 1 BT REAIG, A6 VI 3k B e IREL (P <
0.05) , 7EIR LM Je FSHR & [H 33k & Y B ol
THCET)

J&#E Fundulus heteroclitus BAF48336.1

Tl Odontesthes bonariensis ACU28776.1

E Vi Dicentrarchus labras AAV48628.1

& 388 Sparus aurata AAT01413.1

MBS Cynoglossus semilaevis ACD39387.2

FENIN/R1G Solea senezalensis ADH51678.1
— KP#bEA Salmo salar NP-001117082.1

100 L[Iﬁliﬂj( Ly 4 Oncorhynchus rhodurus BAA86898.1

WT1% Oncorhynchus mykiss NP-001117799.1
H A&4845 Anguilla japonica BAF79914.1

97| BE 48 Danio rerio AAP33512.1
99 —— WM Pelteobagrus fulvidraco AEH84420.1

100 ——— B )5 X2 8l Ictalurus punctatus NP-001187020.1
7i| IRUE Cynops pyrrhogaster BAB13501.1
¥ Gallus AAC60030.1

100 4 Bos taurus NP-776486.1
WEA Home spiens AA12271.1
57 WZE R Rattus norvegicus NP-954707.1
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Fig.5 Phylogenetic tree for 18 species’ FSHR amino acid sequences
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Fig.6 The expression of FSHR gene in female yellow catfish( FSHR/18S)
M. DNA molecular weight marker; H. heart; L. liver; SP. spleen; ST. stomach; K. kidney; O. ovary; G. gill; B. brain; HK. head

kidney; 1. intestine; 0. control( using water as templet) .
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Fig.7 mRNA expression of FSHR gene in
ovary of female yellow catfish during
the reproductive cycle in a year

Different letters indicate significant difference( P <0.05).
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Molecular cloning of follicle-stimulating hormone receptor ( FSHR)
and expression analysis during the reproductive cycle in
female yellow catfish ( Pelteobagrus fulvidraco )

LIU Miao', WEN Hai-shen'>** | HE Feng', LI Ji-fang'
(1. Fisheries College ,Ocean University of China,Qingdao 266003 ,China;
2. Key Laboratory for Genetic Breeding of Aquatic Animals and Aquaculture Biology ,Ministry of Agriculture,
Freshwater Fisheries Research Center ,Chinese Academy of Fishery Sciences ,Wuxi 214081 ,China;
3. College of Animal Science and Technology ,Inner Mongolia Nationality University , Tongliao 028000, China)

Abstract.; Follicle-stimulating hormone ( FSH ) controls gonadal function in mammalian and many non-
mammalian vertebrates through the interaction with their receptors( FSHR ). Molecular cloning of the yellow
catfish FSH receptor is reported together with changes in the gene expression throughout a reproductive
cycle. This work describes the molecular cloning of the cDNA encoding the follicle-stimulating hormone
receptor( FSHR ) of yellow catfish ( Pelteobagrus fulvidraco) by means of reverse transcriptase polymerase
chain reaction( RT-PCR) , degenerate primers PCR amplification and 5’ and 3’ rapid amplification of cDNA
ends( RACE ) analyses. We cloned the complete cDNA sequence of FSHR gene and the length is 2 340 bp,
encoding a protein of 661 amino acids. This gene belongs to G protein-coupled receptor ( GPCR ) family,
which contains the seven conserved transmembrane helix (TM helix ) domains. We found that the amino acids
sequence contains nine Leucine-rich repeats( LRRs) , five potential N-linked glycosylation sites and that only

403

one protein kinase C phosphorylation site is © Y in EL | (extracellular loop,EL [ )and three protein kinase

C phosphorylation sites are “*S,***S | **T in C-terminal domain. The areas played the important role in the
function of FSHR gene. The tissue distribution pattern showed high expression of FSHR gene in ovary and
brain,and trace amount was detected weakly in other tissues. We also analyzed the mRNA expression level
of FSHR gene in ovary at different stages of reproductive cycle. Result showed that the transcript level of
FSHR gene was high from [l to IV phases then followed by a substantial decline. These changes in
expression profiles may imply differences in the functionality of the enzyme gene between different stages,
suggesting an important role of FSHR gene in yellow catfish development. We inferred that the gene of
FSHR in ovary might also be involved in the processes which regulate ovulation maturation and ovulation,
and preferentially promote vitellogenin accumulation. The result has provided an improtant theoretical basis
for the function of FSHR gene and the breeding of yellow catfish.

Key words: Pelteobagrus fulvidraco; follicle-stimulating hormone receptor( FSHR) ; gene clone; RT-PCR
mRNA expression
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