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WY SR TEE LR S E
KA R A A, AT R — K N, REN
(35.5+5.5) g TAFRAESAN S N IR E H IO BE Vb (BE Vb
KN4 m, %925 m, #91.3 m), WHEAN20 m?, #
FE 433, pHAS.3M A AR MK, FFith100 A, B 73d.
KR HIAE(25+1)°C, FRELALA, B RN 58 i 4
13T HE K, 7K 5 7 I $5 RHT 5 1) 35 46 (Pota-
mocorbula laevis) .

TEW R B AT R AR T S A A
e VR k57 A 7 F 2 B AR A6 g 3R 12 00
WE 52 JE HH(A) 58 52 B] 3(C) A 52 AT HA(D), 4% HL
3, o nilfEs, B B WLPAFIER AR PO AN 21T
R RAT

MHRHEMRIGIE  NEFRIESD, Phik
50 SR FE ) =R 1 B, RHE AT A =R T
B i 7 I ST R MO S S R = AR T v
MH (7 5 #R AL Kk 2 A 35, MHWK 940 ng/mL),
FEHTMHB R 510, 24h. 48hAI72hBEHLPRES R
BEARR, B B WIRFTERARAAN 22, B il A
TRAT-
1.2 RNARHKRER

K A TrizoliE R BU& AN L 56 20 1 S RNA, F]H
%1 7€ & X (NanoDrop 2000 Thermo Scientific) il
RNA PR3 5 I o 525, 33 1.0% F 55 I W st e Hh ik A
M5 #E, $%@ PrimeScript RT reagent Kit with
gDNA Eraserif 7] & (TaKaRa) 15 B P53t 47 ) % 3%,
£ I cDNAREMR, F T ptagp23E K 2 & 50 H7 .
13 HEE=E

BE LI HL9 R FR3d M = JEAR + 5, BUG Ik
TR B R LA B (e E sk B D A5 &
PUEERIAFE T 1.5 mLES 0, 4°C, 7000 r/min 5L
10min, 3 _FiF). R DA, IATEE9 N H 20
BAEAF 5, FRIRNAI 5 53 FIS'RACEF cDNAE
MR, Sk = O A A k3 s
RACESI™Y, 5144 TR TR (i) A
FRAF] A R(E 1) R FRZ i Phanta Max Su-
per-Fidelity DNA Polymeraseiji B 15, & N FEF95°C
3min; 95°C 15s, 65°C 15s, 72°C 1min, F£35MEHE;
72°C 10min, HEAT3'H 541 . XPCR™=4HEAT V)
J [, R A, R BA 14 5 v B, Ji i DNAI T
A5 PIMI3E4T R PCRE A, ¥ B =ik &

WA A w BT . 48 FH SeqManR A1 25 il 7
SR P IURF G, R )5 H H Cexpress B Hf 4
PAF TR EE R A1
14 FH5H

F A BioEdit T ORF FF 8 b S2AE, - 1%
RE BT, K E A TSR AC ) SignalP 3.0 Server
(http://www.cbs.dtu.dk/services/SignalP/), Tl {5 5
JIK; 38 NCBI R 57 45 44 38 CDD) 248 P (http://
www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi)s Pfam
B ¥ FE (http://pfam.xfam.org/search) FISMART(http://
smart.embl-heidelberg.de/)3 1T Tl B 45 A4y 355 1 75t 01
€ ; K TMHMM SerVer .2.0(http://www.cbs.dtu.
dk/services/TMHMMY/ )it 47 15 bt 8 4 Yo . {5 FH
DNAMAN 7 i A5 =itk T B B e 51 5
H AP 3EAT 2 E P 5 L B il i B MEGA
7.0LANeighbor Joiningis: #4 & 2 e i LA™
1.5 qPCR&#R

AR O 0 ) =R 1 B A K L K B-actin FT A
PG K Mptagp2XE A, 1@ 1t Primer Premier 5.0%%
PR N Z 5 RZOE B R RS (R 1), R
FH S22 % 58 B PCR(qQPCR) X pragp 25 K 7E £ AN 4H
ZALL S %A SR A v B AR 208 B AT R 43 #
RSk % H: 2xSYBR” Green Pro Tag HS Premix 11
5 puL, ROX 0.2 pL, Primer F 0.4 pL, Primer R 0.4 pL,
Template cDNA 1 uL, ddH,0 3 puL; f2£F &1
TOYOBO SYBR" Green Real-time PCR Master
Mix i I HEAT o« S5 HR A 27 Tk 5, i B
SPSS19.0%f #1247 ¥ K 3 J7 % 70 #1 (One-way
ANOVA), J5 84§ ] Origin ProflIExcel #X {F 31T 45

F1 LWFRAKSIFSY

Tab. 1 The sequence of primers used in the experiment

P?illil:ﬁr ¥ %Sequence(5'—3") {EH Usage
ptagp?2 TGCCAATTCTCATTATCACTTTGCCA 3'RACE

F ACAC

ptagp?2 GCAACCTACCCAAATGCTCAATAAC 5'RACE

R TACA

piagp2q TCTTTTCTTCCGTCAATCCCTACC — g-PCR

F

ptagp2q ACTTGTTCTTGACGAAGGCTGG g-PCR
R
UPM  CTAATACGACTCACTATAGGGC RACE# ]
519
NUP  AAGCAGTGGTATCAACGCAGAGT  RACE/H
519
B-actin- CGAAACCTTCAACACTCCCG g-PCRIEH]
F 519
B-actin- GGGACAGTGTGTGAAACGCC g-PCRi&EH
R 519
MI3F CGCCAGGGTTTTCCCAGTCACGAC  DNAIlFF
SR
MI3R  AGCGGATAACAATTTCACACAGGA DNAIlF
EHGY




1696 K& A& Y ¥ 46 &

G 5B, P<0.05 N B E,
1.6 RNAiZLE

RNA1SZE i H ) U BERNA B AR TAY) L%
(Bt B R A A Wit K&, ptagp2ai:
GGUCUGGAGUUUCUCUUAATT; pragp2bi:
CCCAGUCAGUGUAUGCCAATT; ptagp2ci:
CCAGUAAGUCAGGUGUAUUTT; NC: UUCUCC
GAACGUGUCACGUTT. KW EERNAWK EHFe N
1 pg/uL, FEE 3D AEERNA L SEAR B IR & . Bk
AL -8 7 T HA I = bR 7 18, s S 28 4%
A ER 1) i UK R R R S GRS BN pg/g) . SEER R
TS X IR NC(BH X ) xef R 20 DA R Tt 5k
56 AH (SR B FF 2 10d, B R4S Ao R 0 R R GA
70% A 1), BEAHIEIAFAT, 439 T0. 24hF148hHL
W B~ WLARD R B BR T R PR AT, IR PR

[26]
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2.1 ptagp2EERIcDNAFY| K 7T EXFHISHT

ptagp2 XK cDNAJT 51| 4= 4126 bp, 34 F15 S
e iD [X 43 5 42512132 bp, F U EHE(Open
Reading Frame, ORF) A 1569 bp, 34 hd & 2 R
5224, 4 TR E56.17 kD, R4 HL TN 8.84, R
S G5 0 3 TN 4 SR R % A TR L A MITP AR < 45 1)
HWpfam00230. Pfam##s 2 W 7 b 2 A
MIPIH B 45 H1PF00230.20., 5 [ 45 F T &t 7%,
B F HF 6N L5
2.2 ptagp2 BRI S AT

¥ptagp2 W) E E R 7 51| 55 H AR Fh gk AT 24 2k
TR P B EE XS ptagp2F£ R 5 N (Homines) AQP2
AQP4RER . /N (Mus musculus)AQP2. AQP43%E
v BIG R (Drosophila melanogaster) ] bib3k
v A (Aedes aegypti) ] AQPe.ak K FIK T
- (Cicadella viridis) ) AQP-cic 3 [ [F] 5 14 43 5]
N43.36%. 40.60%. 42.92%-. 40.17%- 43.32%.
39.69%7138.40%. A7 Xt ) R #8547 AQP i
BB THINPATFS . FROHRHPE 1
MK 2), ptagp25 B R b (Drosophila melano-
gaster)] bibZEF FRN—H, FJE T/KEEEAN
KFEHHIC-AQP.
2.3 ptagp?2@VHLFTIEF S

FIFHqPCREEAR, Xt ptagp2 3k K17 A 4L 1A
1T (K 3): ptagp2 232 HEAKIE, TEIRME. 7.
WUALS OE. REZ. B HFRER . g & i A
B Rk, oA 7E IR AW 2k g s, H OO R L
WA, 75 M0 A A LA Rk

2.4 ptagp27E T [EI4 R BTHARI FRIE M2

ptagp2 fEANHL WA B B AR AR) &R
W R AT m RIE . 5N WA R IE LA
155 A, 257 5% (P<0.05). 7R85 (AR5 5
ik, 50 % EHMLLRIE T, T, B4 S
Wi 7 JE WIAR LE 2 A N T LR 2 A, EREE
(P<0.05), (HAENLA S HRAR 2 7 A B35 (] 4).
2.5 ptagp2FEMHFH THIFRIEIRK

TEMHAEG (K 5), ptagp2EIR G 30T
Fisfash, Fe:372h, 50/ N2 A4, £ 5
.3 (P<0.05); FRERAEAM I3 H VLA, I A
B #E 2 A F P LR R AR, BRIEEH
HRETAFE . TENLRAAE sk L2720, RIEE
% N 2 R0 2%, 2 7 2 3 (P<0.05); £
24hFKIE T IX B e = LN 0 2. 5% 2 7 B 3 (P<
0.05), bt J5 T 1, 72hi Pk & IEH R IE K
2.6 ptaqp 2R P& 3T R 2R B2 0

VES SUEERNAJG (B 6), 7E3NHL(E . A
WA Fptagp2FE R R IE B2 T, HP7ES
AL ZH 2R 240 U R S B 3, TR 5
TIN58.14%F151.50%, 1117 4123 H148h iy - 34 2R
B, TR N55.40%, {048 BRAR F R KT
PR, E4EFR10dR TSI 45 R a, HF R4 .
NCZH AT P20 (1) W K2 2853 0 2 76.5% 84.6%F
33.3%(Kl 7). FHRd bR 2R R 2 BER(P<0.05) .
3 it

AQP/ " ZAAET Y. U EY . TTHHE
FIPFIEHESI Y, Bets = R IE K, 175 2 Fh Az
TR REEREEMN .. A KILAQPLE I 73
WA [E) 5 B I 30 2 S 63, H 5 Na'/K -ATPasefl
Na'/K'/2C1 515 35 5 15 M o 3 K L AT LRk
AU R SR 9T 6 W AQP L5 R S B M 1A i B 5 DA
ST Syt — R S AQPTE W FE P (K1 Th g, ASHT
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Fig. 1 Phylogenetic analysis of aquaporin ptagp?2 from P. tri-
tuberculatus
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I PtAQP2
' Haliotis discus hannaiAQPc7
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Danio rerio-AQP7
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;
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:o Mus musculusAQP11
76 @ Danio rerio-AQP11
o Danio rerio-AQP12
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o Drosophila melanogaster-Dref
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Fig.2 Cluster analysis of Ptagp?2 in P. trituberculatus

FAE AN GenBank B 5% 5 B R W (Drosophila melanogaster)Drip. AQP. Dref. bib(NP_523697.1. NP _001163140.1.
NP_001260311.1. NP_001260313.1); A(Homines)AQPO. AQP1. AQP2. AQP3. AQP4. AQP5. AQP6. AQP7. AQP8. AQP9.
AQP10. AQP11. AQPI2A. AQPI2B(NP 036196.1. NP_001316801.1. NP_000477.1. NP_001305073.1. NP_001304313.1.
NP_001642.1. NP_001643.2. O14520.1. NP_001160.2. NP_001307564.1. XP_011508406.1. NP_766627.1. NP_945349.1,
XP_011509974.1); /&R (Mus musculus)AQPO. AQP1. AQP2. AQP3. AQP4. AQP5. AQP6. AQP7. AQPS8. AQPY9. AQPII.
AQPI12(NP_032626.2. NP _031498.1. NP_033829.3. NP_057898.2. NP _001295570.1. NP_033831.1. NP_780296.1.
NP_001365567.1. NP_001102515.1. NP_001258772.1. NP_780314.1. NP_001153130.1); $ I £ (Zebrafish)AQP1a.1. AQP3a.
AQP4. AQP3b. mipa. AQP8a.1. AQPla.2. mipb. AQP10a. AQP7. AQP9b. AQP9a. AQP8a.2. AQP12. AQPI11. AQPSb.
AQP10b. AQPS5like(NP_996942.1. AOE47042.1. NP_001345242.1. NP_001159593.1. NP_001003534.1. NP_001004661.1.
NP_001129154.1. NP_001018356.1. NP_001002349.1. NP_956204.2. NP_001171215.1. NP_001028268.1. NP_001073651.1.
NP_001039327.1. NP_001314822.1. NP_001108382.2. NP _001076516.1. XP_021327889.1); 1 K fftisl(Aedes aegypti)AQPe.a

(QINHW?7.2); K5 Mt (Cicadella viridis) AQP-cic(Q23808.1)
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Fig. 3 Relative mRNA expression level of P. trituberculatus
ptagp?2 gene in different tissues
H. 0fIE; C. 3R F%; S. B; Hp. MR, B. M410E; E. HRAK; M. AL
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indicate significant differences (P<0.05). Same letters indicate no
significant differences. The same applies below
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Fig. 5 Relative mRNA expression level of pfagp?2 in in different
tissues of P. trituberculata stimulated by MH
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W B P2 (M) A2 W5 57 4% 1 B B R, MHA
W 57 B3 T 46 0 e 7= A, 75 R AT 3R B oK, e
Bz JE A R, R T IR EAQPHE R A 2 MH I A
2, BATEHAT TMHRFEERE . g5 R R fTEMHA
VR, ptagp22E N TENg . B AL RIA Y B3
. RHEENAS, A E240 T iE FiRRIE
H—EHRFEH|72h, %455 R E A R W B )Rk
g5 R—3, RIIMHBEW J Bipraqp 2L K LKA,
TE = AR T B it Bl ik 2 A R IR K PR S e 1 B A
o EAERME, RATWZZBIMHR G ptagp2
R RIERE FHRE. FEH B
Bz ik R B Y 28 (Y -organ) 434 1 5 7 23S [i]
FEMH 5 X3 - 5 IR E A & (X-organ-sinus gland, XO-
SG)43 A s Sz $90 1 2 MITH AR B35 P i 24T 1 4%
(1), o XO-SGH #3 B AL T-HRAN A o FRATHED 7E
WMH)E, FEIARNMHKFET, \Tael SXa8E
HBR P WMIHE R, THAQPEEA 3R IA 7] gE & 1
X — I R 2 B

N T HE—BUE S ptagp 23k DR B2 1 Th g,
AR HRNATE A G B 1 123 KR W 57 7 2
AE. T RER, ZERENR. BRZHHN
HRA I R . IR R B pragp 23 IR 4 4H 1
id 7 R I KT IR 2L AINC 2H (P<0.05), #E— 25 1]
W 1 ptagp22E RIFE =Pk ¥ BE W R k¥ E BB .
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CLONING OF AQP2 GENE OF PORTUNUS TRITUBERCULATUS AND ITS
FUNCTION IN MOLTING

WU Jie"?, LU Jian-Jian”’, ZHANG Wei-Wei"?, LI Yu-Kun"’, GAO Bao-Quan”’ and LIU Ping”’

(1. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai 201306,

China; 2. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research
Institute, Chinese Academy of Fisheries Science, Qingdao 266071, China; 3. Qingdao National Laboratory of Marine Science and
Technology, Functional Laboratory of Marine Fishery Science and Food Production Process, Qingdao 266235, China)

Abstract: In order to study the physiological function of aquaporin AQP, the aquaporin 2 gene (ptagp?2) of Portunus
trituberculatus was cloned, which is full-length 4126 bp, encodes 522 amino acids and has the conserved domain and
functional domain of aquaporin gene family. Cluster analysis showed that ptagp2 gene belonged to C-AQP gene of
aquaporin gene family. The results of tissue expression showed that the expression of ptagp2 was the highest in eye
stalk, the highest in intestine and muscle, and the lowest in hemolymph. The expression of ptagp2 gene was signifi-
cantly different in different molting stages, and the highest expression was in the early stage of molting. Under the stimu-
lation of Molting Hormone (MH), the expression of ptagp2 gene was up-regulated in muscle, intestine and stomach. By
knocking down the expression of ptagp?2 in the early stage of molting by RNAI technique, it was found that it could sig-
nificantly delay the molting process. It has been preliminarily proved that ptagp2 gene plays an important role in molt-
ing of Portunus trituberculatus.

Key words: Aquaporin; Gene cloning; Molting Hormone; RNAi; Portunus trituberculatus
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