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(1. R FEf P RpE R R E SRS SR K AR 7 TR S AEYH AR E A
R EDK PR R BB K ST H S 2660715 2. F ISR SHEAE R LR E

TR R SEY = M RIS F 266071; 3. WWAREMI AN 3 FE  250013)

H= & F ¥ (Paralichthys olivaceus) %74 & #], #7 JE F ¥ % % (K #£ B (mPR-Like, mPRL)7E fii—
FR-MRBNELTANESRRE T RAFA X, h3t— P % T mPRL EANLH, A5
AT H mRNA ok g 0 R K FAEFEAT T o4 o B SE8F 2 & PCR 77 3 447 mPRL mRNA 7 5 F %
RILAE F Y B T R ik, K I #F mPRL mRNA A8 X & 15 & By 5% 5 (907 VR 2 I B 9 09 V BT A
Y BE 2 ML, JR AL 42 2 40 BT mPRL mRNA 78 978 4 5 40 48 o o 0 j 5 € fr, & 3 mPRL mRNA £ %
AT A T R B W B U0 S e O R g Al R 5 A 4 4 B 2 T MY 9T X 3, mPRL mRNA FH 15 5 4,
g, # & T 5 mPRL 89 % % £ 40K, K Western blotting 77 % 46l 7 #F mPRL & A& & 1[5 41 41
Wk, R mPRLEAXRAEATNERMMAL PHNRSG, AFE, LXE. YT ELEHN
Mib, REANERE R, T4 mPRL & & 7 0 £ f0 i 4 400 40 10 % € L 5 mPRL mRNA & i
—3, T mPRL A %A A AL ERIFMENAH S5 a0 R AT, TN F R

S5 F e EREREE
KA

FESEE S197.4  LEkFRIREE A

Em S EL Y, O T2 R 52 K (mPRs)
HAFE A EH = E MR R 2, AL B RS
6 2 8 R A7 MR % 38 RR AR RN 41 21 N F 5 iR D
(Hasegawa et al, 2005; Zhu et al, 2008; 5 F 5%,
2013), ZEWESHERPITA T, A EHAH
A E I | ORE SR ST VR FHALE MR TE R, 2Rz
S H5AWEGETER, IFHM TR ERR
G2, MRS AS S T & (Mulac-Jericevic
et al, 2004; Fernandes et al, 2005), F#E(Paralichthys
olivaceus) N T.EB F AR . MOPE K, R

Tor; HAMEZYEZE; mRNA k3k; Eak®k
XEHS  2095-9869(2017)01-0018-07

R B AR 7 00 SE 50 A RE £85I R 248 i 7 By
A B B R IR BRSO, ST 227 24T
3 B AR R 9 2 R 0 L 108 Y6 A0 i R i
S [ B R R 2P0 3R, 2P D (R f0 2 B R 41 iy
WA HE TG, SRR, R
A0 i A3 (Nagahama et al, 2008),
AR Z IR EA M G &H B ECZ A (GPCRs)
AL B i btk , (R, IR R 2R T E
R 3R SZ AR Z 15 (PAQR) K 5 (Tang et al, 2005), 4
FOMH O B A7 A 2 B A G 42 P R 32 /K (mPRa
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1M s T MMM S S (Paralichthys olivaceus)f B 2230 & Z K (mPRL) Y 7E 1 &€ B R iB 0¥ 19

mPRp 1 mPRy) 12 i 37 14 5 4 B8 43 (PGMRCs) 4%
VRS2 R G AE 5 T 0 S TR AT 218 B - 200 e s 38« T L
W) i 55 i B v k4% EE B4R H (Karteris et al, 2006;
Josefsberg Ben-Yehoshua et al, 2007). 14+,
Bk i iE T PAQR K — T i 5t (mPR-Like,
mPRL); HLUFERMERIA DI Bx, mPRL mRNA 7E
FHPERE | RS . WEEIEAH G E RBEFE R S

K £ RN O B K , mPRL mRNA ik /K%
AT BT I8 B A A I i KAE(P<0.05), M

WIE] W, mPRL ¥ 5KV TR, SR AT A
WA SR L B RSB ; A mPRL 192K 145
PR 0 VE AL S50 R #E (b, 20107, ZRBEBE,
2013%), AT R HSLHT 26 2 i PCR (QRT-PCR) .
ok EI A e L 80k 405 1%, 78 mRNA FIEE 5
K48 7R 6F mPRL ()28 18 Re M R4 M4 2 47, 8
JR A BE mPRL B2 TR RRAF | 3485 84 B R 200 it i 24
PLTI AR 22 K 4

1 MRS
11 SSBHAEMARNES

S BEME £ R 1R T B B K A PR A
A, ONEPA R A RO E N TE AT 20 0 R
i, ZZEHNANTFRERBERN F, ACEM, A6
M 4Kk 40-60 cm, {KEEH 1428.7-2508.3 g, H
BEH & RFETFORKEEE, KiEh 8-25C,
B 27-31, pH & 7.8-8.4, VAf#A>5 mg/L, 1EF 6
HHAT, PRIEME AR L AA B SE f, fil ] MS-222
PR I £ J ) o 4% BT 6 B 51 % B B A SRR
TE I TR T 8 D R 40 it 2 s A A S LR
AHOREE 2
JL L FHBZ0Ks DF B 20 S R AE-80 C AR AF, FHT &L
RNA $EH, MEfRMEE AR, BEESAHZIEN, 7E4°C
ST, 4%ZBREEAT 0.01 mol/L BEMREh 2% vhifk
(PBS) ][ 72 20 h, 16 B HH £ (25% . 50% . 75%F1 100%
ST 0.01 mol/L PBS)H /K, 7E-20°C A7 T H i
IR, — 3 FREdfl, —# o H TR 2%
s R MEREH S Davidesons AFA [ExE, T
MR kB ROL; A RS R AEE-80°C

MR, T E AR
1.2 SEMREHKEEE PCR &M

XA 8F mPRL mRNA TEAN[R] & & B B 9041 fifg

(R ZRIR AT HT o BRSO BEAH M & 5 B AR B 4
5, arolde

INFAH B RR 40 B9 B RNA, #EA7 RS, R
PrimerScript'™ RT reagent Kit with gDNA Eraser 7
& (TaKaRa, HZAR)E M, cDNA %5 145, FITREERRE
538 e ] B-actin FERAEN qRT-PCR NS
K mPRL 51 ¥ 51~ :5-CAATCAACGAGGGTGC-
GTAAG-3'(mPRLF)fil 5'-AAAGAGAACGGCTTGG-
TCACTG-3" (mPRLR); f-actin 51¥F5 4 : 5 -GAAA-
TCGCCGCACTGGTT-3'(B-actinF)Fl 5'-GCCCATAC-
CCACCATCACTC-3’(B-actinR), qRT-PCR JZ Jij 1A %
(20 ul): 1 ul cDNA B[R, 1.5 pul 5#)(10 pmol/L),
10 ul SYBR Premix Ex Tag™  F1 6 pl dH,0, K FHH
A PCR 38Ry, RN &1F: 95°CHUEM: 30 s,
95°C 55, 60°C 18 s 3t 40 MEH, qRT-PCR S hf J
5 EICEARTE Mastercycler ep realplex SERY A2
PCR ¥ (Eppendorf, #2[E) Fi#kfT, FEFiai75¢ 5 i
Frda it 2k (Melting curve) 53 H LA 22 75 | 999 S S g A
BIEH o BRI E 3T, ERE 3 REE,
[ A B A X R, AR DA S 3 5 5 1 mT Sk

1.3 JREALZ:3%(1SH)

fdi JH 1F 15 51 9 (5 -AAGCTTAGACACCGAGGT-
TCCCGCTTAT-3")Fl 5[] 5| #)(5'-GAATTCGAGGAT-
GGTGGCAACAGGCA-3"), ¥ 14 #f mPRL %t
(GenBank Accession No. KM507040), #15 440 bp 1)
cDNA Fr Bt VIR, {8 b & 27055 & (Roche,
i) AN S A I E SR X RNA #5641, A 65 L
FKAHLUE 4% 2 BB EE, @bk, EW. 8
WU, MRS TR 2K, &K S min, B
K6 Ab P, AU 5 min, PBST Mk 3 ¥k, 45 ¥X 10 min.,
FEHME K(10 pg/ml) 37°CiH4L 10 min, PBST ik
2K, IR S min, FHTIZACIK 70°CALSE 3 h, SRJ5 M
AN A M EARC ) RNA SR E 2838, 70°C 238
12 h, 2xSSC Y%, 70°CHER 15 min; 0.2xSSC, 70°C

1) Shi B. Study on the molecular mechanisms of reproductive endocrinology in Paralichthys olivaceus and Paralichthys
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REA A 5T AR 2200183, 2010, 1-176]

2) Li XX. Study on the physiological function of membrane progestin receptor in the reproductive cycle of flatfish.
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2 )R 38 %

BEF 1 ho IxMAB VLT 5 min. M35 2 E ] 6 ho
1 : 500 £ AR BERIPIA 4CHE L. PBST it
WYk 6 K, B 15 ming BRSO R E IR VR
(2 )R 10 min, HI 20 pl &% (BCIP/NBT) % I
WG . PBST UEM 5 K, BHIK 5 min, 2k,
4%PFA-PBS [& % 10 min, PBST ¥t 3 ¥, 47X 5 min;
WORSBRBEML K . —HRE, B R, {4/ Nikon E80i
B LS I R

1.4 Western blotting

AT 6F mPRL 25 HP A, BT RN, AR
AR R REZ K 2 IR G e B v 22 R A e, il
Puik, HRAFHIFEEEREL | fig . KB . B RTFAHLZUY
100 mg), &A1 ml ShHLUE A IRBGAR], 2138 .
PEHUCH R 1 12% SDS-PAGE H JK K I i 45 B i) 2
H, JHEHEANE R EN e HSBEARE. 5
—EH RN 40 pg BEERBURZ 12% SDS-
PAGE W4, HEFF] PVDF & I, PBST ¥tk
Q W)EK 5 min, VL S%MEAR UM BT, —HT I &
1A 6F mPRL ZspEBiR, MR 1: 20005 —Ht
FABAR T S AL B bR i L b 1gG, FBEE N
1:2000, DAB ., G RGM, R
XA VKGE () 8 4501 68 BEAE AT 4317

15 ®EHANK

A s E K, 3% H,0, FiEFHE 15 min,
PBST V£ 2 WK, K 15 min; 3% BSA EiREE 1h,
B ARSI o T 0 B mPRL HUiK, RN
1:1000, &P ERGFELR, PBST VLK Sk, &
W 5 min, FFHEHIHR 1gG (1 : 1000)1E K [ 4 X E
WEE A, EHEPE 1 h, DAB 4 1-2 min,
IIAKERE Y. ik, EW . B, 1 Nikon E80i
AR I IR
1.6 Zitain

HE PR 2R 200 P A A P AR X s B 2704 Ty
:(Livak er al, 2001)15 )5, fdi]1] SPSS 17.0 #1F1Y
PR 2 5 2250 0T (One-way  ANOVA)ZEFT 54 A0 FE
P<0.05 b2 57 1 35 O MV ek B R 3 3R O 3 ME
+hRifE 1R (Mean+SE), Jffil MR K . 8 Rk KK
K M % - AIC.AlphaView 1 1% 43 H1 & 4 (Cell
Biosciences Inc) 7 Hr K BE(E, Ff-Hil AR &

2 FR

2.1 BRFEAEFES mPRL BB FF RiE
qRT-PCR W45 /R, TEFBEINE KT VI,

mPRL JE R TE U BRI A [ & B W B A Rk, (A
FKhEAH BEZES ., mPRL HR 135K M T A
FI| VI AH B B2 B 2 b 2 T, i AE VI AE B RE 4
e 3k K S R FE(P<0.05), mPRL A5 AE IR HE4H
JHL BT Be eIk K VIR B AR , X R W] mPRL K 2
55 G RE 20 B Y Rt R (8T 1)
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Fig.1 Relative expression levels of mPRL mRNA at various
stages of oogenensis (n=4)

ANTF) SRR R IR 22 53 . (P<0.05), TR
Different letters indicated significant different (P<0.05), the
same as below

2.2 mPRL ERERMEFEE AL

JEA 24 25 43T mPRL mRNA 7E A 67 B8 AH G4
S B 27 5 4 S s, A B SR G 2 20 Bt
24325 5 (B 2)o 7R 61 k& AR BRELrf, mPRL
mRNA 7EUIREAN A [ ik £ 5 (R 2-A), B IX IR
R, AR B B A PR S (E 2-1), B T H
VE R SZ IR A BRI RE . 72 A BEAN L2, mPRL
mRNA 7EGZH 20 2038 (F 2-B), et K)E
7R BAPEAE S o (] 2-2) & 2-a FIE 2-b A AH R 4140
JEASE =258 43 BT B BH 1 %o R

2.3 mPRL EARIZE

87 Western blotting J7 I 4 6F mPRL 5
TEARTRI R F KK, g5 WoR, 7EOnE | ik, sk
B T ARG 0 1 8 1 25T, 43 TR 292 50 kDa,
HE R (H (40 kDa) K (1 3-A). Xf BRZH >R FH 22 ikt itk
1T Western blotting, FESZ T HiiksE M, F6F mPRL
BB FRIN B R O SR G TR AR XS B R, AESK L AN
JFREH A h i ik, (AR AT (E 3-B).
TESNEL | R FFAE 55 2 N2 Rk 6B, mPRL 7E
FiE 2R LPh S 5P R AR

2.4 mPRL EERIMMZEEN

o PE AL 25 W R, P 6F mPRL 78 O 55 AN (19 410
M= EN S mPRL mRNA —E(, 754 pA TN 2040
o, mPRL 55045 TUIREANIEAE |, HoA SR %
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Fig.2 Localization of mPRL mRNA in ovary and brain tissues of P. olivaceus using in situ hybridization

A: GRS 1. GPEL(x1000); a: FREEXIHEZL; B: M; 2: M§(x 1000); b: Ji%| A& ;
M: DRI S skd8 i A B B

A: Ovary; 1: Ovary ( X 1000); a: Negative control of ovary; B: Brain; 2: Brain ( X 1000); b: Negative control of brain;
M: Oocyte membrane; the arrows indicated the positive reaction
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Fig.3 Expression of mPRL protein in different tissues of P. olivaceus

A: mPRL ZEHFRBHIKE; B: mPRL EHRKEM; 1. &, 2. W; 3: K%; 4. &; 5. JF;
M: HEHSFHRE; PB: BIPEXS ]
A: Electrophoregram of protein expression of mPRL; B: Quantitative abundance of mPRL protein expression;
1: Ovary; 2: Brain; 3: Head kidney; 4: Kidney; 5: Liver; M: Protein molecular weight marker; PB: Negative control

£ BHPE B (B 4-A); R 1000 £%5)5 7T LIAR I B &
LB LA RSB O 1) e 3R 5 4R (18] 4-1) o 7E i 41 21 mPRL
2 B AN AE G 2 20 dp o I (D 4-B), R
1000 5% J5 1T LA d & $1)9% X 8k 4 588 BH % 52 0 4% AiF
(Kl 4-2) I8l 4-a F1IE] 4-b S N 20 21 G e 414k 23 BT 1)
[GRE R

3 it
3.1 mPRL ZEINEEEKR AT EFEREST

Wit qRT-PCR J5 40T T mPRL %%ZIRT T
ARHAFRFRE, KM mPRL IEURE | . O, 8
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Fig.4 Localization of mPRL protein in the ovary and brain of P. olivaceus demonstrated by immunohistochemistry

A: DRE; 1. DRE(x1000); a: BIEXIRAZE; B: Mki; 2. MK(x 1000); b: fxixf R4 ;
M: BRERAIMIIGE ;s 7Sk A8 0] PR 5 L
A: Ovary; 1: Ovary ( X 1000); a: Negative control of ovary; B: Brain; 2: Brain ( X 1000); b: Negative control of brain;
M: Oocyte membrane; the arrows indicated the positive reaction

FHAURIREE, FERE T B LRSS B
Xof kAR (2RS4, 2013), Mtk —2543HF mPRL
TE A GEE0 S VEFBLE], ABFSTi qQRT-PCR Jrik
KA 8] % & By Be B0 B: A0 M BE IR B mPRL 5 5% A . K&
B mPRL mRNA [ UM L , Kk KFZE 4T+
W EAEELE VIR OIS, 4b T VIR O R 20 )
mPRL mRNA Fikw . AT, XTF PAQR KK
JEAERC T & B 010 A FRAE FH A DLATF 9% %38 (Tokumoto
et al, 2006; MI2EJH%E, 2015), WRIGABIFTLE R, He
mPRL 7§85 5 UR-RE 40 i i O ¥ % A o 7E R B AR S
101 BPHE 41 B AN BB B OR R mPRL mRNA 5%
IKE2 8 BTV, TR T 8F mPRL BRI 2 5 842 0p Rk 41
LR

3.2 RIEEEMA

Western blotting 2381 & ¥t , mPRL & [ £ A w7E
OISR AR A, ZEIFRE . EE L Sk b
ik, (HFIRE AN B AR g O A
BAEZ) 50 kDa 8, HCEIE T &E A0 TR
(40 kDa) X 10 kDa, X P25 5 Al Geck [ W B0 AE H 55
B B35 B (Jiménez-Castaio et al, 2007), 3%

WRETEN BRI LM NEZ — TEARIGEH,
6 mPRL JE KRN 2R 1A B0 N 2 WA DG 4l 2L 3k ik
BAFE, IFHAEV B AR M mPRL mRNA ik
TRV IR OP S 4 mPRL 25 A Rk B NR R, Ui
mPRL 76 55 EAT F 8 AR D B

K EA B8 M AT 55300 T 4 BF mPRL
Bl S AR B U 7E BB AH DG A8 B M A 2 e o, 25 2R
7, mPRL J&PRURER (4 BH A5 540 5 2 118 2 137 7 i 3
PR O RE AL -, 5 I 4L 2 b 28 T 40 ik v 4y
fii; mPRL 76X SE BFHASCAR B M /M R, 220 R
16 A 6E P S AN AT L@ ik mPRL A S A0 15 538 2 &
VR . AWM BEEMSRE LA EENAEETIRE, W
TE 02 PR 25 25 R 28 (GnRH) BRI RN 85 £ 7 ol 45
(Petersen et al, 2013), mPRL 7E 2 i (%) 4345 Tl 7~
mPRL /322 E S 52 /b ) RETA TS, SR s
i) 2 7 S5 . RS R B, A6 B SR R AP IR R B Y
AFEIBTEE, mPRL mRNA 75 i~ R~ B 4l A X e 1k
KV TR AR V A B (P<0.05), 78 VIHIZR
KR RE D3Ah, AEEIGE h AR o AR b A
PERR IR B S8 TH e Ja BRI AR R ARIE (s 52, 20107,
ZE0EIE, 20137, i, mPRL 786750 8% 5 i3
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5 ppRk 4 i % 245 4% (Hanna et al, 2009; Thomas et al,
2007). A #F mPRL 5 HAB AR mPRa 75 57 £) 41
JRE b 2L AR R B, B AT RT REAE P S A AR
M AEHETIRE .
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VAT BN ST 4F >k 7 T 5 25 T2 301 — Tl A 5 B0 248 e ol 22
F ) 35 TR (W02 A 45, 2015), I & BLAE - W 1 66
(Cynoglossus semilaevis)FI K ¥t (Larimichthys crocea)
SE A0 S R DR A TP AR AR O R R RV IE R 5 A G
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YT mPRL R 65 5 245 -5 48 ol 2 ok 78 o i) o
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— T AR A5 M | SR WL =2 ) R A -4 7
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St R i o B S2 RS RE D I AL, XN B 4
e 0 2 Pl R A R OR B AR #EVE T 7 HL AR
RN T 2 AT e AL
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Expression Characterization of the Novel Membrane Progestin Receptor
(mPR-Like) in Sexual Maturation of Female Japanese Flounder
(Paralichthys olivaceus)

SHI Bao'?, LIU Xuezhou'*", XU Tao’, LI Xiaoni'?, XU Yongjiang'?, ZHANG Jinyong'>

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture; Qingdao Key Laboratory for
Marine Fish Breeding and Biotechnology, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences,
Qingdao 266071; 2. Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National
Laboratory for Marine Science and Technology, Qingdao 266071; 3. Shandong Province Fisheries Technology
Extension Station, Jinan 250013)

Abstract This research examined the expression characteristics and mechanism of the novel
membrane progestin receptor-like (mPRL) in Japanese flounder Paralichthys olivaceus. In the present
study, the temporal changes of mPRL mRNA expression level in isolated oocytes at various oogenesis
stages were measured using quantitative real-time PCR (qRT-PCR). The mPRL transcript levels
significantly increased with the oocyte development, with the peak level at stage V. However, the
transcript level decreased significantly at stage VI. These expression characteristics of mPRL showed that
mPRL is a good marker for studying the oocyte maturation. The spatial expression of P. olivaceus mPRL
mRNA in the ovary and brain was demonstrated using in situ hybridization. Results revealed that mPRL
transcript was localized at the membrane of oocytes, and the positive signals were also observed in the
brain neurons of P. olivaceus. Specifically, high-titer rabbit polyclonal antibody was generated against
synthetic peptides derived from the C-terminal domain of P. o/ivaceus mPRL amino acid. Immunobloting
analysis identified the immunoactive protein that bands in the ovary, brain, head kidney, kidney and liver
of P. olivaceus. However, the expression levels of protein in ovary and brain were higher than other
tissues. The protein was localized in the major reproductive associated organs including the ovary and
brain using immunohistochemistry. Moreover, the cellular localization of mPRL protein was similar with
that of mRNA in P, olivaceus. The intensive signals were observed at the edge of pituitary and brain, and
the intensity of positive signals was found on the membrane of oocytes. This is to date the first study that
examined the tissue specific localization of mPRL protein and transcript in the reproductive organs of P.
olivaceus. The mPRL expression characteristics implied that mPRL regulates the reproduction of P,
olivaceus through the endocrine system. Furthermore, the evidence supports a functional role of mPRL in
the oocyte maturation of P. olivaceus, possibly, by acting as a mediator of progesterone.
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