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( ) (Buchholz et al, 1
2010)
X (retinoid X receptor, RXR) 11
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(3.5+0.3)cm
1994) RXR
200L PVC s
(ecdysone receptor, ECR) RXR-ECR , L00L
(74, E73) ’ ’ 16 £ 0.5)°C 7 29
:l: . ° b 2 2
(Riddiford et al, 2003; Kim ef al, 2005; _— ’ ( ) .
Techa et al, 2013) RXR A—F PEF ’
’ C E 1.2
1.2.1 3
A/B )
H 36 >
; C DNA (DBD), 5
E/F (LBD); D ’
) 29 16°C ; 16°C
DBD LBD (Durica et al, 2002; Devarakonda et al, ” )
2003) Asazuma (2007) ( )
, EcR Y F1 RE. BEMBREHERIT
’ RXR EcR Tab.1 Design of the gradient in temperature and salinity
R RXR
1 11°C 11
’ 2 16°C 20
RXR DNA RXR DNA 3 S1eC 2
’ RXR 4 26°C 38
(Asazuma et al, 2007) (2014)
(Portunus trituberculatus)RXR , 1.2.2 0
RXR , Y 3 6 12 24 48 72h 4
; :0.5mL (4°C) 0.5mL
s RXR , , (4°C, 3000r/min) 10min,
, ImL Trizol(
R R Invitrogen ) —80 °C
(2012) 6
) , 0.05g
ImL Trizol 1.5mL s
(2013) -80°C RNA
, 1.2.3 RXR cDNA
GenBank RXR
, (F.  chinensis) (FJ194479)
RXR (Macrobrachium nipponense) (KC460323)
RACE RXR cDNA , (M. japonicas) (AB295493) (Homarus
PCR americanus) (KC409355) (Celuca pugilator)
s (AF032983), DNAMAN ,
, RXR-F RXR-R(
RXR 2 ), ( )
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Tab.2 Primers and their sequences used in the experiment

(5'—3
RXR-F TATGGMGTSTACAGYTGTG
RXR-R TGTCTGTCDGCWGCYTGGCA
5 RXR 5'race GTTCCTCCTCTATTCCCCCTACCTG
3’ RXR 3'race ATAGAGGAGGAACGCCAACGAACGA
RTRXR-F GGAACGCCAACGAACGAAAG
RTRXR-R CCTTTCGTTCGTTGGCGTTC
18S-F TATACGCTAGTGGAGCTGGAA
18S-R GGGGAGGTAGTGACGAAAAAT
M13-F CGCCAGGGTTTTCCCAGTCACGAC
MI13-R AGCGGATAACAATTTCACACAGG
1.2.4 RNA cDNA , SMART  Interpro Scan
, Trizol ,
RNA, (Thermo Scientific) DNAMAN MEGA
RNA , 1.5%
RNA M-MLV Promega 1.2.7
RNA , cDNA , ,
(10uL): 6.85uL, cDNA 0.5pL( ,
), 10xPCR buffer 1uL, dNTP Mixture 0.8uL, , Nikon(ECLIPSE Ti-U)
proPOF 0.4uL, proPOR 0.4uL, Taq DNA
0.05uL  PCR
( , 2011; , 2014), ( , 1997; ,2014) (D
50°C s D2 )
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, pMDI18-T
s Topl0 s
, PCR 1.2.8 PCR(qRT-PCR)
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; Blast ( , 2013),
EcRXR RXR , R Real-time PCR (SYBR Green)

; DNAMAN 2 AAC



4 : (Exopalaemon carinicauda) X 831
# 3 EcRXR 5 18S rRNA EFRK A EE PCR R NIKR 1323bp, , (ORF)855bp, 5'
h &K FI A2 L) ' ' '
Tab.3 The volume (uL) of each reagent added to the PCR (5'-UTR)37bp, 3 (3"-UTR)433bp
mixture used for gqRT-PCR of EcRXR and 18S rRNA EcRXR , 284
EcRXR 18S rRNA , 30.918kDa,
SYBR® Premix Ex Taq™ I1(2x) 10 10 pl  6.79 ,
Rox reference Dye 11(50x%) 0.4 0.4
1 /L
(10umol/L) 0.8 0.8 BLASTn BLASTx
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(10n ) , (M. nipponense)
cDNA 1 1 c I .
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1.3 ZitHHh C 4 :A/B (
3 + (x=* ) C (DNA , DBD) D ( ) E/F
SD) , SPSS17.0 , ( , LBD), ( , 2014)
Duncan , P<0.05 ( , 2013)RXR
2 C P-box D-box, D
T-box( 1 ) >
2.1 EcRXR ¢cDNA X
RNA E/F (2
s 3'RACE  5'RACE c¢DNA RXR (M.
, RACE 710bp  626bp cDNA nipponense) (C. crangon) (H.
) americanus) 90% 89% 83%,
RXR cDNA , EcRXR, (Litopenaeus vannamer) (F. chinensis)
GenBank : KU647675 cDNA (C. pugilator) 76% 75%
1 ACATGGGGATCTTCACCTGGACCGCTCGGAGGAGTGC TCT CTC TCT CGC TTC ATA GGA CGT CAT TTG GGT AAT ATA TTT CGT CAC 88
0 » § L § R F I & R H L 6 N I F R H 17
89 ATA TCG TCA CTC ATG GAA ATG TTG GGA GGG CAT CAC CAC CAT CCC CTT CGA GGG TTA GAA ATA GGG ATG TCA GGG TCA 166
18 I S S [ M F M I &G &G H H H H P [ R & [ FE T ¢ M S &G § 43
167 CTG GAT CGT CAG TCC CCT CTG AAT GTG ACC TCC GAC AAT GGT TCT CTG CTC TCC CCA GCC CCG TCC AAC TAT TCC AAT 244
44 L D R @ S P L N ¥ T S§ D N & § [ I S5 P A& P & N ¥ § N 69
245 ACG AAT GGA GAG CCC GCT TCG CCC AGT GTA TCC AAT CCA CAA CCT TTC GTG ATT GGA TCG AGT GGA AGT GGC AGT GGC 322
70 T N ¢ E P A & P § ¥ S N P @ P F ¥ I & S § & &5 & § G 95
323 AGT GGA CTA AGC ACC TCC CCT ACA CAG TAC CCA CCC AAT CAC CCT CTG TCT GGG TCA AAG CAC CTG TGT TCG ATC TGT 400
96 s & [ 8§ T § P T @ ¥ P P N H P L § G § K H L C § I C 121
401 GGT GAC AGG GCG TCA GGC AAA CAT TAT GGA GTG TAC AGT TGT GAG GGT TGC AAG GGT TTC TTC AAG AGA ACC GTT AGA 478
122 6 D R & S G XK H Y ¢ Vv Y S C[E_G C K G]F F K R T ¥V R 147
479 AAA GAC CTC TCA TAT GCC TGT CGA GAA GAC AGA CTC TGT ACA ATA GAT AAA CGA CAA CGT AAT AGA TGC CAG TAT TGT 556
148 K D L S Y A [C_R E D R L ¢ T I D EKE R @ R N R C @ ¥ € 173
557 CGA TAT CAG AAG TGT CTA TCC ATG GGC ATG AAG AGA GAA GCG GTC CAG GTA GGG GGA ATA GAG GAG GAA CGC CAA CGA 634
1774 R Y Q@ K C L S X G M K R [E A V @ V G G E F E R @ R| 199
635 ACG AAA GGT GAC AAA GGC GAT GGT GAC CCA GAT TCA TCA TGC GGA GGT ATC CCA GAT ATG CCG ATT ACA AGT ATC CAT 712
200 T K ¢ D K ¢ D G D P D § S € G G I P D N P I T § I H 225
713  GAA GCA GAA ACT ATT GTT GAA CCT ACA GAT GAG CAA CCT GTC GAT CAA GGG GAT GCT GTA ACA AAT ATA TGC CAG GCA 790
26 E & E T I V¥V E P T D E @ P ¥V D @ G D A V T N I C Q@ A& 251
791 GCT GAC AGA CAT TTG GTA CAA CTT GTT GAA TGG GCT AAA CAT ATT CCA CAT TTT ACT GAC CTC CCA GTA GAA GAA GGA 868
252 A D R H L ¥ @ L v E W A K H I P H F T D L P ¥ E E &G 277
869 GGA ACG CCA ACG AAC GAA AGG TGA CAAAGGCGATGGTGACCCAGATTCATCATGCGGAGGTATCCCAGATATGCCGATTACAAGTATCCATGAAG 063
278 ¢ T P T N E R =*
964 CAGAAACTATTGTTGAACCTACAGATGAGCAACCTGTCGATCAAGGGGATGCTGTAACAAATATATGCCAGGCAGCTGACAGACATTTGGTACAACTTGTTGA 1066
1067 ATGGGCTAAACATATTCCACATTTTACTGACCTCCCAGTAGAAGACCAAGTCGTCCTGTTCGAAAGCGGGTTGGAATGAACTACTCATTGCAGCTTTCTCACAC 1169
1170 AGAAGTATGGGTGTCAAGGATGGCATTGTTCTGGCAACTGGATTAGTGGTGCATAGGAGTAGTGCACATCAAGCTGGTGTTGGTGCGATCTTTGACCGTGTTT 1272
1273 TGTCAGAACTTATAGCGAAAAAAAAAAAAAMMAAAARAMARAARAAAARAY 1323

1  EcRXR cDNA
Fig.1 Full cDNA sequence and its deduced amino acid sequence of ECRXR
A/B D , C E/F * (ATG) C
D-box(CREDR) D T-box(EAVQVGGIEERQR)

P-box(EGCKG)
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Callinectes sapidus RXR2
Carcinus maenas RXRI

Scylla paramamosain RXR3
Portunus trituberculatus RXR2
Scylla paramamosain RXR2
Gecarcinus lateralis RXRa
Gecarcinus lateralis RXRc
Uca pugilator RXR

0 Oziotelphusa senex RXR
50 Eriocheir sinensis RXR
84 Homarus americanus RXR
ﬁ[ Exopalaemon carinicauda RXR ~ *
Macrobrachium nipponense RXR
89 Crangon crangon RXR1
100 | Crangon crangon RXR2
35| Crangon crangon RXR3
33 Crangon crangon RXR4
Fenneropenaeus chinensis RXR2
100 uﬂarsupenaeus Japonicus RXR
39 Litopenaeus vannamei RXRa
71" Fenneropenaeus chinensis RXR1
Polyrhachis vicina RXR
100 _|j Locusta migratoria RXR
59 Gryllus firmus RXR
—
0.01
3 RXR NJ
Fig.3 The neighbor-joining phylogenetic tree for RXRs
(Callinectes sapidus RXR2, AGB34183.1); (Carcinus maenas RXRI, ACG63787.1); (Crangon crangon RXR1,
ACO44668.1; RXR2, ACO44669.1); (Eriocheir sinensis RXR, AHF65152.1); (Exopalaemon carinicauda, RXR
KU647675); (Fenneropenaeus chinensis RXR1, ACN78601.1; RXR2, ACN78602.1); (Gecarcinus lateralis RXRa,
AAZ20368.1; RXRc, AAZ20370.1); (Gryllus firmus RXR, ADL09403.1); (Homarus americanus RXR, AEA29832.1);
(Litopenaeus vannamei RXRa, AGS94408.1; RXR3, ACO44670.1; RXR4, ACO44671.1); (Locusta migratoria RXR,
AAQ55293.1); (Marsupenaeus japonicus RXR, BAF75376.1); (Macrobrachium nipponense RXR, AHA33388.1);
(Oziotelphusa senex RXR, AGW82186.1); (Polyrhachis vicina RXR, AGF50212.1); (Portunus
trituberculatus RXR2, AHJ81363.1); (Scylla paramamosain RXR2, AFN08662.2; RXR3, ALM98948.1); (Uca pugilator
RXR, AAC32789.3)
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9 4 5
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Fig.4 Relative expression of E. carinicauda RXR gene in

different tissues
(P<0.05), ) (P<0.05)
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CLONING AND EXPRESSION OF RETIONID X RECEPTOR UNDER
TEMPERATURE AND SALINITY STRESSES AND MOLTING CYCLES IN
EXOPALAEMON CARINICAUDA

LIU Fei"?, LIJian"?, LIJi-Tao', GE Qian-Qian', LIAN Chun-Ang"? ~CHANG Zhi-Qiang'

(1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Qingdao 266071, China; 2. College of Fisheries and Life Sciences, Shanghai Ocean University,
Shanghai 201306, China; 3. Function Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National
Laboratory for Marine Science and Technology, Qingdao 266235, China)

Abstract Retinoid X receptor is an important endogenous regulatory factor for the growth and reproduction of
crustacean. We cloned full-length ¢cDNA of a retinoid X receptor in Exopalaemon carinicauda by RACE (rapid
amplification of cDNA ends). The full-length cDNA of ECRXR was 1323 bp, containing an open reading frame (ORF) in
855 bp, encoding a 284 amino-acid polypeptide; molecular weight was predicted for 30.918 kDa and isoelectric point
estimated for 6.788. The predicted amino acid sequence of EcRXR shared 71%—90% identity with those of other
crustaceans as showed in homologous analysis, and EcRXR is clustered with crustaceans RXRs in phylogenetic tree.
Homologous analysis showed that ECRXR has the highest homology to RXR of Macrobrachium nipponensis. The
quantitative real-time RT-PCR showed that ECRXR gene could be detected in all tested tissues of E. carinicauda. And the
eyestalk is in highest expression level, hemolymph in lowest, and the other six tissues in-between. During the molting
cycle, the expression of ECRXR gene in eyestalk, hepatopancreas, stomach and intestine, kept rising. However, in gill, fell
first, then rose. Andin cuticle kept falling. After challenged by temperature and salinity, the expressions of ECRXR gene in
gill and hepatopancreas of E. carinicauda showed different trends. The expressions of ECRXR gene in gill rose first, then
fell under temperature stress; the expressions of ECRXR gene in hepatopancreas increased after the first drop rise again
under salinity stress. Analysis of the moulting cycle, temperature and salinity stimulation provided further evidence that
EcRXR played pivotal roles during molting in osmotic regulation. Future investigations should focus on the functions of
RXR in E. carinicauda and other crustaceans.

Key words Exopalaemon carinicauda; retinoid X receptor (RXR); temperature; salinity; molting; gene

expression
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