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olivaceus), , 12 000 r/min 10 min, —40°C
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(Cynoglossus semilaevis Giinther) ( ) ,
HE ,
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RNAiso Plus (TaKaRa ) RNA, 1%
RNA Thermo
mPR-like cDNA , s Nanodrop 2000 RNA
mPR-like 1 ug RNA, TaKaRa PrimerScript™
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- mRNA , c¢cDNA ,—20°C
R 1.4 mPR-like
mPR-like 1.4.1 mPR-like
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1 pEASY-T1 , Trans1-T1 Phage
Resistant , Amp LB
1.1 12h ,
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cDNA Amplification Kit(Clontech ) cDNA
5'-RACE  3'-RACE cDNA , mPR-like mRNA
1, I 11 v \%
cDNA Advantage 2 VI RNA
PCR (Clontech ) PCR ;
mPRLGSP1I/mPRLNGSP1( 1) 5! 4 mPR-like mRNA
mPRLGSP2/mPRLNGSP2( 1) 3 I I v A%
) VI 4 ,
F 1 RBE mPRlike EH B SREH 3 MEF3 RNA
Tab.1 Primer sequences for Cynoglossus semilaevis mRNA
cloning and expression analysis (qRT-PCR) 20 uL:
primer name (5'-3") sequence (5-3") 1 pL cDNA , 1.5 uL RT-mPRLF/R

mPRLF TTCCAGCGCCACAAYGAGAC
mPRLR CACCTGGCACACCTTRCGCA
mPRLGSP1 CGTAACAGCAGCCGAGGCAGGACAGACA
mPRLNGSPI  CTGGCATGAAGATCCCACGAACGTGTCG
mPRLGSP2  ACCGAGACCGTAGACTTTGTGGGTGA
mPRLNGSP2  ACCATCGACACGTTCGTGGGATCTTCA
RT-mPRLF CAGGGAGTGTAATGTGAAAACAGG
RT-mPRLR  AAAGAGGACAGAAGGAGAATCAACA
RT-mPRLF2 ~ TGTCCTCGTCCAGCGTCACT
RT-mPRLR2 ~ CCCTGTCCCAAGAAATCACACT
18S F GGTCTGTGATGCCCTTAGATGTC
18S R AGTGGGGTTCAGCGGGTTAC
1.5
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Neighbor-joining  ( 1 000)
1.6 mPR-like mRNA

mPR-like mRNA
4
12
RNA TaKaRa PrimerScriptTM

RT reagent Kit with gDNA Eraser

RT-mPRLF2/R2 (10 pmol/L), 10 uL SYBR Premix

ExTaq"™ II 6 pL dH,O PCR
, 95°C 305,95C 55,60C
18s 40 18S rRNA
> RNA
PCR Mastercycler ep
realplex PCR (Eppendorf )
(melting curve)
3
) 3 s
1.7
4
7.2%, 8.9%
0.03 ng/mL
1.8
7-AACG
(6] , SPSS16.0
(P<0.05)
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(P<0.05)
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nm1m v v VI
Fig. 1 The stained sections for each of ovarian stage of Cynoglossus semilaevis
A: ovary of stage II, bar=100 pm; B: ovary of stage III, bar=100 pm; C: ovary of stage IV, bar=200 um; D&E: ovary of stage V,
bar=200 pum; F: ovary of stage VI, bar=200 pm.
The symbols of II, III, IV, V, and VI were corresponding to the phases of oocytes.
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Fig. 2 The cDNA sequence and its deduced amino acid sequence of mPR-like from Cynoglossus semilaevis

2

ACATGGGGGTCTCCGGGGCGCAGAGTCAGGAGGTGTTCAACCC
AGGCCAACACCGTTTGATTGCACACACAAGCGGAGAGGCCCCAGCAAGGTGCTGGTCAGC
GGGGAAGTGAACGCATCTGACCGCCTGCCGAGCTGAGTGATCAACTTCCTCCTGGCAGTC
ITGHCGACCATTGTGGTGGAGAGAATTGGGCGATTGTTCATCAGCCTGCAGCAGATCAGG

MATIVVERTIGRTLETISLAGQQTIR
CAGATTCCCCAAATGCTCACTGAAGCTGCACCATCTATGCCTGACACGGTCAGAGACGCA
Q I PQMLTEAAPSMPDTV RDA
GACGTCCCTCATTATTTCAGGGAGTGTAATGTGAAAACAGGCTACAGGCCACT TCACCAG
DV PHYFRETCNVKTG GYRZPILHAQ
AATTGGCGCTATTACTTCCTGTCGTTGTTCCAGCGTCACAATGAGACCATCAATATCTGG
NWRYYFLSLZFQRHNETTINTIW
ACGCACTTGTTGGCCTTTTTAATTTTACTGATCAAACTTCGACATCTTACCGAGACCGTA
THLLAFLTIULLTIZKTLTRIHLTETV
GACTTTGTGGGTGACCCTCATTCGTGGCCCCTGTTGATTCTCCTTCTGTCCTCTTTAACC
DFVGGDPHSWPLLTITTLTLLSSTLT
TACACGGCCTTTAGTGTAACAGCTCACTTGCTGGGCAGCAAATCTAAGCTGTGCCATTTT
Y TAFSVTAHLTLGSZ KSZKTLTCHTF
GCCTTCTATTTCCTGGATTATATCGGTGTGGCACAGTATCAGTATGGCAGTGCTGTAGTT
AAFYFLDYTITGVAQYQYGSAUVYV
CACTTTTACTGTGTCATGGATGAAAGCTACCATCGACACGTTCGTGGGATCTTCATGCCA
HFYCVMDESYHRHVYRGITFMP
GCTGCCACCCTCCTCAGCTGTCTGTCCTGCCTCGGCTGCTGTTACGGCAAATACTGCAAC
AAATLLSCLSCLGCCYGKYCN
TATGGCCGGCCAGCGTGGGTGCGCAAGGTCGGTCAGGTGGTGCCCTCCGCGATTGCCTAC
Y GRPAWVRKVGQVVPSATAY
ATATGGGACAGCAGTCCTATCATTGGGAGACTCTTGTCCTCGTCCAGCGTCACTGAGGAC
Iwpss©PpPIlIGRLLSSSSVTETD
CCTGCACTCATTTATCACTTTGGCCAGGTGGGGTTCTTTCTCGGTTGCGCCTTTTTTTTC
PALITYHFGQV GFFLGCATFTFTF
ACCTGTCCAGTTTTTGAACGCTGCTTTCCAGGACAGTGTGATTTCTTGGGACAGGGTCAC
TrcpVvVFERCFPGQCDTFLGQGH
CCGGTTTTCCATGTCTTGCTATCTTGTTGTACACTGTGTCAAATCCACGCCTCTTACCTG
pVvFHVLLSCCTLT CQIUHASYTL
GACTACATCGGTCGAAGGGAGCTGTACTCACACCTGCATGGAAACGGTGAGGCCTTAGTC
DY I GRRELYSHLUHGNGEATLV
TTTGTGGGACTCTATGCTGTCACTTTAGTTGCATGTGGGTTCATTTATGTAGTCATGCTA
FVGGLYAVTLVACGEFTIYUVVML
CGAAAAGCAAAACGAGAGCTTGACCTGAGGTCCGAGTAACRCCACTGTTTTCAGTTTTTC

R KA KRETLDTLTRSE =*

TTTCTAACTTAGATGACTAACAACCTAATCTGAGGCCATGCTTTTATTTTGTCGCTTTCA
TTTAATTGTAGCTCAAACACTGTTAGCACTGTTGCGCACTCTGCCAAAATAGTCATTTGA
AAGCATTCACTGCCAGTGTCTTTCACTTAGGCTAAATATTTATCTAGAAGATTTATTAAA

ATATCACCACTGTTAGTCGTTAGAAGATATTGTGTTAAGTCTCTTACTTGATTTTTTTTT
TAGAAGCACCAGCAAGTAGTTCATGCAGTACATGCAGGTTTTTACTTGTCATGTTATCGC

CATATTTAAACAGGGCTAAGTGAATGTACAGAAAAATCTTCCCGGGAAAGAAAATGTTCT
TCTGTAATCTATGGAGTTTTAAAATTACACATAAACAAGTATATTTTAACATGTTCAAAG
ACATTGTTACTAATTTAGCGGAAATAATCATGTTTGGTTTGTGTGTCCTGTAATGACAAT
TTAAGGGACCTTTTGAAACTTCAGCAGCTAATTGGATTTTAGCCATACTTTGATTTAATA
TCGAAACCTGGGCACATACTACTGAATATGGCCTTTTTGAAGCCAAGTTTTTTAATTGAA
TATAGAAACTTTTATATGTTACATAAATGTACTACTTATGGATAAAGGGACCATAACTAT
GTAAGATTTAATTTCGGAGACTTTGATGCCTACTACTGACCAGGATACTATATGTTTAAT
AAATATATTTCTCTAAAAAAAAAAAAAAAAAAAAAAAAA 1839

mPR-like cDNA
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Fig. 3 Proposed model for mPR-like transmembrane domains of Cynoglossus semilaevis
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Fig. 4 Tertiary structure of mPR-like protein of Cynoglossus 11
semilaevis (P<0.05)
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Dk kskek kil siolelolsok | skl sk slolkelek sk siekelolek, sk
NWRYYFLSLFQRHNET INIWTHLLAFLILLIKLRHLTETVDFVGDPHSWPLLILLLSSLT
NWRYYFLSLFQRHNETVNVWTHLLAFLVILVKLRQLAESVDFAGDPHSWPLLILVVSSLT
NWRYYFLSMFQRHNET INVWTHLLAFLVFLVKFHQLSETVDFVNDSHSWPLLVLVLSSLT

: Dk CoRoky s kpRkeRek, | sk, sReRekeRskek kL skeickek
YTAFSVTAHLLGSKSKLCHFAFYFLDYIGVAQYQYGSAVVHFYCVMDESYHRHVRGIFMP
YSAFSAAAHLLGGKSELCHYVFYFLDYVGVAQYQYGSAVVHFYYAVDEGLHGHVRGVEMP
YSALSAAAHLLGGKSELCHYCFFFLDYVGVAQYQYGSAVVHYYFAVEEGLHQRVSGIFLP
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Lk DLk, secksk 1 orkek skerseksk s kk Dok
PALIYHFGQVGFFLGCAFFFTCPVFERCFPGQCDFLGQGHPVFHVLLSCCTLCQIHASYL
PATAFHFGQFAFFLGCSVFFTFPLLERCFPGRCNFVGQSHQMFHVFLSCCTLCQIHASHL
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Fig. 5 Alignment amino acid of Cynoglossus semilaevis mPR-like with other teleosts
C.S: Cynoglossus semilaevis; O.L: Oryzias latipes, G.A: Gasterosteus aculeayus.

KVGPEGZN 1 4 Micropogonias undulates mPRalpha (ABU68407)
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Fig. 6 Phylogenetic tree of the mPR-like from Cynoglossus semilaevis and other vertebrates mPR family in MEGA 6.0
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Fig. 7 Expression level of mPR-like mRNA in different tissues of Cynoglossus semilaevis
B: Brain, P: Pituitary, G: Gill, H: Heart, HK: Heard kidney, K: Kindney, L: Liver, S: Spleen, St: Stomach, I: Intestine, O: Ovary, M: Muscle.
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Fig. 9 Expression level of mPR-like mRNA in brain, pituitary and ovary of reproductive cycle of Cynoglossus semilaevis
Columns marked with different letters do differ significantly from each other (P<0.05).
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Molecular characterization of the novel membrane progestin receptor
gene and its role during ovarian development in the half smooth
tongue sole Cynoglossus semilaevis Giinther

LIU Xuezhoul, SHI Baol, LI Xiaoxiao" 2, XU Yongjiangl, WANG Shanshanl, LI Xiaoni'

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, China;

2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China

Abstract: To improve techniques of artificial breeding, this research focused on the novel membrane progestin receptor
(mPRL) of half smooth tongue sole Cynoglossus semilaevis Gilinther. The full-length cDNA encoding mPRL was
cloned from the half smooth tongue sole by means of homology cloning and RACE PCR analyses. The complete cDNA
sequence of mPRL (GenBank accession number: KF277065) was 2 002 bp in length, consisting of a 5’ untranslated
region (UTR) of 163 bp, a coding sequence of 1 056 bp, and a 3'UTR of 783 bp. The molecular weight of mPRL was
17.62 kD. Structural analysis of the translated cDNA suggested that it encoded membrane protein with seven trans-
membrane domains. Tertiary structure of the mPRL protein showed that it had several binding sites. The rooted phy-
logenetic tree was constructed using the neighbor-joining method on MEGA4.0 for comparative analysis of half smooth
tongue sole mPRL and selected vertebrate sequences. The similarity (%, identity) of half smooth tongue sole mPRL in
comparison with other representative sequences was analyzed using Clustal X. The results indicated that the half
smooth tongue sole mPRL was clustered with mPRL of other fish. Half smooth tongue sole had 68% identity with
Japanese medaka (Oryzias latipes) and 72% with three-spined stickleback (Gasterosteus aculeatus). The mPRL mRNA
expression in half smooth tongue sole was detected by quantitative real-time PCR. And found to be widely, although
not homogeneously expressed. mPRL transcripts were highly abundant in the brain, ovary, heart, gill, spleen, and
stomach. In addition, positive signals were obtained for mPRL mRNA in the pituitary gland, muscle, and intestine, al-
though the resulting transcript levels were lower than in the ovary. Representative sections of ovaries showed the mor-
phological characteristics during development, which was divided into five stages. The expression level of mPRL
mRNA at various stages of oogenensis in the sole showed that the level of mPRL mRNA in the brain and ovary signifi-
cantly increased from stage II to stage V (P<0.05), climaxing at stage V, then sharply decreasing in stage IV. The tran-
script level of mPRL mRNA in the pituitary peaked at stageV, although itwas not significant (P>0.05). Serum proges-
terone levels were measured using radioimmunoassay to evaluate the relationship between levels of mPRL transcript
and serum progesterone. Changes in the serum progesterone were dramatic at stage II (P<0.05), from which progester-
one values increased rapidly, reached a maximum at stage V. Expression in multiple tissue simplies that mPRL plays
various biological roles in half smooth tongue sole. We can infer from the mPRL mRNA expression pattern at various
stages of oogenensis and the reproductive cycle that mPRL also contributes to the process of oocyte maturation of the
half smooth tongue sole.
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