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1994; Hechenberger et al, 1996), Clontech ; DNA
(Jentsch et al, ( ) ; SYBR Premix Ex Taq
1999) (chloride PrimeScript RT reagent Kit PMDI18-T
channel, CLC) (cystic DH5ox TaKaRa

fibrosis transmembrane conductance regulator, CFTR)
(chloride intracellular channel,

, 2006) CLIC
, -S-
transferase, GST)
2001) Valenzuela

CLIC1 CLIC

s CLIC1 (Valenzuela et al, 1997) CLIC2
(Heiss et al, 1997) CLIC3 (Qian et al, 1999) CLIC4
(Edwards, 1999) CLIC5 (Berryman et al, 2000)
CLIC6 (Perluigi et al, 2002),
(2003)
EXC-4

CLIC) (

(glutathione-S-
(Dulhunty et al,
(1997)

Berry CLIC

(Cornejo et al,
2001; Shorning et al, 2003; Dong et al, 2013),

>

(Lv et al, 2013)

EST ; RACE
cDNA ; PtCLIC
; Blast
CLIC ;
PtCLIC
1
1.1
, (5.78+1.11)g 3m’
, 90 , 6 3d 26°C,
33, pH 8.7, ) 173,
18:00
Trizol Reagent Invitrogen ; SMART™

RACE Amplification Kit ~ Advantage 2 PCR Kit

F1 KBFAARSIMFS

Tab.1  All sequence of primers for the experiment
(5°=3")
CLIC-F GGAAGGAGGAAGAGTGCTTGTCTG
CLIC-R TTGTCAATCAGAATGGGAGGAGGAGTG
UPM CTAATACGACTCACTATAGGGC

QCLIC-F GGAAGGGTGCTTGTCTGTTC
QCLIC-R AAATCTGGTGGTGGCTTGAG
[3-actin-F CGAAACCTTCAACACTCCCG
B-actin-R GGGACAGTGTGTGAAACGCC

1.2 RNA cDNA
Trizol

RNA, 1.0%

RNA ; 3

RNA , SMARTTM RACE Ampli-
fication Kit 3> 5’RACE
cDNA

1.3 PtCLIC cDNA
3’ RACE  5’RACE

EST Primer Premier 5.0 s
( ) 35

SMART™ RACE Ampli-
fication Kit, Advantage 2 PCR Kit

CLIC-F  UPM CLIC-R UPM (D
:94°C 30s, 68°C 30s, 72°C 3min, 30
1.0% 3’RACE
5’RACE ,
) PMDI18-T ,
DHSox , PCR
1.4 PtCLIC

Vector NTI 11.0
, DNAStar
(ORF)
BLAST (http://www.blast.ncbi.nlm.nih.gov/Blast.
cgi) PtCLIC

EditSeq
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ProtParam tool 95°C 15s, 60°C 1min, 95°C 15s 2 @
R InterproScan PtCLIC ) SPSS 17.0
, TMHMM 2.0
Clustal X
PtCLIC CLIC 2
, MEGA 4.0 , 2.1 RNA
Trizol
1.5 RNA, )
3d 2, OD560/OD>g0 1.9—2.0 , RNA
(33) (11), 3 ; ;o 1.0% ,28S 188 5SrRNA
90 , RNA ,
) YSI , 2.2 PtCLIC cDNA
(2012) 0 3 6
12 24 48 72h , RNA , 3’RACE  5’RACE
) RNA ) 3 cDNA CLIC-F  CLIC-R
3 UPM , 3> 5’RACE
, , RNA 35 EST ,
CLIC cDNA ,
1.6 PtCLIC 2000 bp (GenBank
KJ186099), 76 bp 5 (UTR),
9% 1162 bp 3 762 bp
(1), 3 , (ORF) 3’ PolyA
30 Oh 12h 72h (AATAAA) (1)
, ) RNA 2.3 PtCLIC
1.7 P«CLIC DNAstar , PtCLIC
Trizol 253 R 29.2kDa,
RNA, PrimeScript RT reagent Kit 5.93 ProtParam tool ,
cDNA PtCLIC 36 (Asp
[3-actin Glu), 31 (Arg Lys),
PtCLIC , (B-actin-F 46.34, 0.449,
B-actin-R  QCLIC-F QCLIC-R)( 1), InterProScan TMHMM 2.0
PtCLIC , PtCLIC
SYBR Premix Ex 24 PtCLIC
Taq ABI 7500 Real Time PCR BLAST PtCLIC
Real-time PCR ,
PtCLIC PCR PtCLIC #% (Daphnia pulex)
20pL, 10pL SYBR Premix Ex Taq™ (Riptortus pedestris) (Ceratitis capitata)

(2>), 0.8uL 10umol/L QCLIC-F, 0.8uL
10umol/L QCLIC-R, 0.4uL. ROX Reference
Dye (50><), 2.0uL cDNA , 6.0puL ddH,O

: 95°C 30s; 95°C 5s, 60°C 34s, 40 ;

(Aedes aegypti) (Drosophila virilis)
83% 84% 82% 83% 82%

CLIC , PICLIC
(2
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2 TGG
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152 GAT GGA AGG
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302 CCT CCT CCC
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527
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Fig.1

MEGA 4.0
CLIC

2.5 PtCLIC
2.5.1 Pt«CLIC

RT-PCR

(P<0.05)( 4
2.5.2 PtCLIC
PtCLIC
5 6

TCA
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ATC

GGT

CTT

AGA

AGG

ATG

GGT

TGA

AAA
GTA
AAT
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GTT
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TR

GGG

GTG

TAC

[HH
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GGT
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T
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176
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ATT
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1
Complete cDNA sequence and deduced amino acids sequence of P. trituberculatus PtCLIC gene
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E
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.k
s
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1T
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L
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AAT
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E T P T F T T s I P ]
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176
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0.61
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, 48h

4.18
(95
, 0—6h , PtCLIC
, 6—24h PtCLIC
, 24h ,
4.48 (P<0.05), 24—72h
2.5.3 PtCLIC
RT-PCR
, 0—12h PtCLIC
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1.90 0—72h

2.31
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=Y SEE Portunus trituberculatus SEE &7 PEy STIDGRRKGACLECG JTTV 60
ZtRZ Daphnia pules V(S ciopi PR STIDGRRKGACLECG ; K JTTVD 60
mg2UE Riptortus pedestris M i STIDGRREGACLECG ¥ K ; ) 63
hygSE Ceratitis capitata - JENN ! i STIDGRREGACLECG ¥ K ] ) 65
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SRU8 Drosophila virilis SZ X 70
Consensus
=¥ 388 Portunus trituberculatus 130
IR Daphnia pules 12
SR Riptortus pedestris 133
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RY8 Drosophila virilis 140
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2 PtCLIC CLIC
Fig.2 The amino acid sequence of P. trituberculatus PtCLIC alignment with other species’ CLIC
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Fig.4 Expression of PtCLIC gene in different tissues of P.
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tissue under low salinity stress
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Fig.6 Expression of PtCLIC gene in P. trituberculatus
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Fig.7 Expression of PtCLIC gene in low salinity tolerant family
and low salinity susceptive family in P. trituberculatus gill tissue

under low salinity stress
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CLONING AND CHARACTERIZATION OF CHLORIDE INTRACELLULAR
CHANNEL GENE AND ITS EXPRESSION UNDER LOW SALINITY STRESS
IN PORTUNUS TRITUBERCULATUS

WANG Yu'?, LV Jian-Jian', LIU Ping', GAO Bao-Quan', LI Jian', CHEN Ping'
(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 Science, Shanghai Ocean University,
Shanghai 201306, China)

Abstract Swimming crab Portunus trituberculatus is a commercially important species in China. It is a euryhaline
species and survives a wide-range salinity. However, salinity could influence its propagation significantly in an artificial
environment. Chloride channels were found on the plasma membrane of virtually all eukaryotic cells and play important
roles in maintenance of water and electrolyte balance, in the regulation of cell volume, and in the control of membrane
potential. Chloride intracellular channel (CLIC) gene is a type of chloride channels gene important in salinity stress
response. In this study, we cloned the chloride intracellular channel cDNA of P. trituberculatus by rapid amplification of
c¢DNA ends (RACE) and named P¢tCLIC. The full-length of PtCLIC cDNA is 2 000 bp, including an open reading frame
(ORF) of 762 bp encoding a 253-amino-acid polypeptide. PtCLIC gene had no transmembrane domains as an instability
protein as revealed by bioinformatics software. PtCLIC of P. trituberculatus shared highest homology of 83% with CLIC of
Daphnia pulex as indicated in homologous analysis. Shown in phylogenetic tree, P. trituberculatus cluster to Scylla
paramamosian. PtCLIC gene could be detected in all tested tissues of P. trituberculatus, with the highest expression level
in hepatopancreas as depicted in quantitative real-time RT-PCR analysis. After challenged by low salinity, the expression of
PtCLIC gene in gill and hepatopancreas of P. trituberculatus up-regulated first and then down-regulated; and the
expression of PtCLIC gene in low salinity tolerant and susceptive family showed significant difference. Therefore, PtCLIC
gene was confirmed having osmotic regulation function, which may help breed low-salinity tolerant strain of P.
trituberculatus.

Key words Portunus trituberculatus; chloride intracellular channel; gene cloning; low salinity stress; gene

expression
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