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N , B D PrimeScript™ II 1% Strand ¢cDNA Synthesis
- - (Asn-Pro-Ala, NPA) , Kit(TaKaRa) cDNA cDNA
NPA , AQP SMATRer™ RACE cDNA Amplification Kit
<< i [12-13] , (Clontech) 5'/3'-RACE
13 AQP!, Genbank LvAQP c¢DNA (ID:
AQP, Soto [ AQP , KF548550), 5'-RACE GSP5  GSPn5
4 :a. AQP1-like , AQPO ( 1),3-RACE GSP3  GSPn3( 1)
AQP1 AQP2 AQP4 AQP5 AQP66 , PCR 1.5% PCR purification
, Kit (TaKaRa) PCR
; b.AQP3-like , AQP3 AQP7 AQP9 pMD19-T vector (TaKaRa) , E. coli
AQP10 4 , , cells IM109(TaKaRa)
(aquaglyceroporins); c.AQP8-like , AQPS8
. d.AQPIl-like AQPIl AQPI2  ®1 ZMHmAmsM
Tab.1 Primers used in this study
, (superaquporins) ,
(5'-3)
’ GSP5 CGTCGTTCCTACGCTCATCACA
’ AQP GSPn5 TCAAGATGGCTGCCCCGAC
GSP3 TCCGGCTGCCACATCAAC
, AQP GSPn3 ATGCTGGTTGCCCGTCAC
, (16200 Fl GCAGCCATCTTGAAGGGAGTG
s R1 CGTCGTTCCTACGCTCATCACA
s B-actinF ACCATCCAGGCTGTGCTTTC
, , B-actinR ACCTTCATAAACGGGGACCA
AQP . 13 AMEEENAH
BioEdit LvAQP4 ORF
AQP(LvAQOP4) , LvAQP4
cDNA ; SMART(http: //smart.embl-heidelberg.de/),
Protscale
NaCl LvAQP4 mRNA (http: //web.expasy.org/protscale/) NCBI
> AQP Clustalx 1.8
Mega 6 , Neighbour-
1 )H.*il’ —5 71‘ }JL:‘ Join'ing method (pairwise deletion), protein difference
(p distance), bootstrap (1000)
1.1 SRR 14 ARSAEZHE. KER R
( 10 g) 5
: 32,24 h ’
32
3 , 1/3
4 ) 40 ) ,
1.2 LvAQP4 AR %I 15 3 6 12 24h :
TRIzol RNA(Invitrogen) PCR
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1.5 sHIFATRMEmien B 5ME RNA, cDNA
LvAQP4 mRNA PCR(qPCR)
ehi] 10 ’ SYBR Premix Ex Taq'™ II (TaKaRa)
Ca®/Mg®*  HBSS 3 (Sigma), RotorGene RG-3000 real-time PCR System
EDTA(1 mmol/L) Ca®/Mg* HBSS 5 min, (Corbett Research) qPCR  LvAQP4
IV(1 mg/mL, Sigma) FI RIC 1) B-actin
DNasell (0.01 mg/mL, Sigma) Ca*"/Mg™* ’ p-actinF  B-actinR (1)
HBSS 28°C 30 min, 3 , 95°C 60s ,
; 30 um , 95°C 15s ,60C 30s ,72°C 40
4°C 100 x g 5 min, 40 72°C LvAQP4
27AACt
Dulbecco modified Eagle medium , DMEM)/F-12 SPSS17.0 (ANOVA)
1 1, GibcoBRL, USA
( 0.4x10°  /mL, ) 24 2 HXR
, 28T 2.1 LvAQP4 cDNA %5 &M 54
24h LvAQP4 cDNA 1048 bp
NaCl (50 100 200 300 400 mmol/L) (Genbnak KU497721), 75 bp 5
(100 200 400 600 800 mmol/L) DMEM/F-12 UTR, 187bp 3UTR  786bp ORF( 1)
’ 6h ORF LvAQP4 261 ,
27.85 kDa, 8.11 LvAQP4 MIP
1.6 BT E PCR 16~234 AA 6
1.2 25~45 AA, 56~74 AA, 101~139 AA, 145~163 AA,
177~189 AA  218~238 AA 5 83~85 AA

cggegegeecgegtcggecggecaggacccagtceegetect t tctccccaaaacaaaaaaacaaaagaacatcaaccat gggcaagatcaag 9(

M G K | K 5
gacatgaaggagtacatcggcacgggcgagetcatgaatgaccgecgegtgtggaagget t tcctggeggagt tectgggeaccatgttc 180
DMKEY I GTGELMNDARRVWKAEFELAEFILGTME 35
ctcgtgttcatcggetgeggetectgtatcggetectggaatgagggatacgecceccagtgtegtecagatectcactegecttegogagte 270
L VF I GCGSCI GSWNEGYAPSYVQISLAFGUV 65
accgtggtctccatcgeccaggetgtoggtcatgtctcecggetgtcatatcaacccagecgtgacatgegecatgetggttgececgtcac 360
TVVSIAQAVGHVSGCHIVTCAMLVARH 05
gtctcegtcatecgggeactgatctacatcgtgtgecagtgecteggtgecatecgtecggggecagecatct tgaggggagtgacceecegea 450
vV SV IRAL I Yl VCQ@QCILGAIVGAAILRGVYTT®PA 125
gacatccaggggtccct tggcatgaccectgaggaacgagaagatcgacaccgetcaggeat tgggcatcgaactcctcatcaccttegte 540
DI @ GSLGMTILRNEIKTI DTAQALGTI ELL I TFV 155
cccgtcatcaccgtet tcggggectgtgatgagegtaggaacgacgtgaagggatcagetectetegecat tggectgtecatcaccact 630
PV I TVFGACDERRNDVKSGSAPLAIGLS 1 TT 185
tgccatctettcgecgtgeccatcacagggtct tcgatgaacccecgcaaggagt t tcggtccagetgtcatctecggtetetggecaggac 720
C HIFAVPITGSSMNPARSFGPAVISGLWAOQD j;
cactgggtatacagggctgggcctattctcggtggtctggecagecagetct tatctactectacgtat tccgageccccaaaggacceeget 810
HWVYRAGPTI L GGLAAATLTILIYSYVFEFRAPIKTUDPA 95
gcttatgacgtggagatggacaactataacaagagaaccaacaatgett aaagagaaaagatctactgget tggcccgatcatggocgat 900

AAYDVEMDNYNZKRTNNA=* 261
cttctegecggecgggt ttacaagataacctggccaggagacgaagaagaccaagaggaagacaaccacaagaagaacaagagagagaac  9g()
gagaagaacatcgagaaagagaagaacaacgagaaaaaaaaaaaaaaaaaaaaaaaaa 1078

1 LvAQP4 cDNA
Fig. 1 c¢DNA sequence and deduced amino acid sequence of LvAQP4
ORF MIP , R , 4
L s . NPA

The amino acid sequence deduced from ORF is presented along with the corresponding cDNA sequence, the MIP domain is marked by gray,
the start and stop codons (asterisk) are in boldface, the polyadenylation signal (AATAA) is double-underlined, probable transmembrane regions
are underlined, and two NPA motifs are boxed
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198~201 AA NPA , NPA ,6
LoopB  LoopE
22 % A5 st Bt At N-J ¢ 3). LvAQP4
LvAQP4 AQP ) AQP1-like AQP4 |
LvAQP4 (Penaeus monodon), AQP4
(Macrobrachium rosenbergii), (Portunus LvAQP4 AQP >
trituberculatus) (Caligus rogercresseyi)  AQP LvAQP4 AQP )
97.3% 73.9% 63.3% 48.8%
DRI < 01| GTEEL IR i EFLGTVEL V| GCaso | GRnEGYAPSVaI SLAFGVTVE
N < 0c | GT8EL G v AL ACF LGTVGLVF 1GCGSC I GRVBEGYAPSVQI SLAFGVTV
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g #0AVGHVSGCHI NPAVTCAMLVARGVSV I RAL 1Y1V80CLGA I VGAA | LKGVTPRD | oGS GHTHRN
gV oA lcHisacH1 pAVTOBEL vARYvsVERSL Y1 iact aBvaan 1 LKGYTRER| oGl GHTIN
R 0ALGHvsGeH! NPAvTHGLVARVSVIIRALEY | IacHcABBS A | LKGE PpDRocR GiiTHEE
67 A [ R e NeavT| BLEEGR(ELLKEL L | 0N cBLECAg L Y STVl oYY

LYl BTAQALG I ELL | TFVV | TVEGACDERRNDVKGSAPLAI GLS| TTCHLAVP | TGSSMEARSFGPA
(X301 87A0ALGIELL I TFVAV I TVEGACDERRNDVKGSAPLAI GLS | TTCHLFAVP | TGSSHNPARSFGPA
(BR300 | 760 GlEL I T VAVETVE GYCDERRNDVKGSAPLAI GLS | TTCHLIANP | TGSSUNPARTIFGPA
EPR-CVTSa0AgolEL L | TEMVETVFGYCDERRNDVKGIBPLA | 6LV TIRHL EARPY TOIINP ARSF GPA
TRR NS08 aAVE =S 7 VY AMEDENNDVKGSEPLA 1 6LS | TROHLIA] PLTGSSMEARTFGPA

eI SGLWEDHIVYAGP | LGGLIAAL | YSYVFRAPKREAYDVENDNYNKRIINNG
SIBY | oL 1orvYlAcP 1LaGLANAL | YSYVERAPKBAVDVENDNYNKRIINNG
&IBYy | sollornlace Lol 1 oyl APKIEBOVIONYNKRENN
YR | I vilace | EGoIAALEYIYVFRAPKEIAS YDRENDNYEK AYIOH
207 Qoo R CER L B i B R rkreL ava  vRTa-—-

(AET34919) (AHB64460)

( ACO10737)

Fig. 2 Multiple alignment of deduced amino acid sequences of LvAQP4 and AQP from Penaeus monodon (AEI125531), Mac-
robrachium rosenbergii (AET34919), Portunus trituberculatus (AHB64460), and Caligus rogercresseyi ( ACO10737)

NPA

s

The conserved amino acid residues are in black shadow and similar amino acid residues are in gray shadow. NPA motif is shown in a box

2.3 LvAQP4 4P R EH5HA ; 1.5 h
qPCR LvAQP4 o.oi), 6 h o |
¢ ’ ’ : 3 6h
’ (P>0.05) 12 h,
LvAQP4 mRNA
2.4 HER TR LvAQP4 335 KL (P>0.05) ( 5B),
(54 LvAQP4 mRNA
LvAQP4 mRNA (P>0.05)
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Fig. 3 Phylogenetic analysis of LvAQP4 with AQP family members in other species
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Fig. 4 The relative expression level of Lv4QP4 in various
tissues
+ ; Gi. ; Hp. ; Ms. ; He.
;In. ; Br. ;Es. ; St TG.

Data were presented as mean+£S.E.; Gi. Gill; Hp. Hepatopancreas;
Ms. Muscle; He. Hemocyte; In. Intestine; Br. Brain; Es. Eyestalk;
St. Stomach; TG. Thoracic ganglion
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Fig. 5 The relative expression level of LvAQP4 in hepatopancreas after 40(A) or 4 (B) salinity treatment (data were presented

as mean = S.E.)

“F” P <0.05; “**” P <0.01
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Fig. 6 Effects of sodium chloride and sucrose on Lv4QP4 mRNA expression in hepatopancreatic primary culture cells
A. ; B. NaCl LvAQP4 mRNA ; C.
LvAQP4 mRNA ; (P< 0.05), (P> 0.05)

A. Fresh isolated and cultured primary cells; B. Dose-dependent effects of sodium chloride on Lv4AQP4 mRNA expression in hepatopancreatic
primary cells; C. Dose-dependent effects of sucrose on LvAQP4 mRNA expression in hepatopancreatic primary culture cells, Different letters
indicate significant differences (P < 0.05); same letters indicate no significant differences (P > 0.05)
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Abstract: In this study, to explore the function of aquaporin (AQP) in the osmoregulation of Litopenaeus vannamei,
the full-length cDNA of L. vannamei aquaporin-4 (termed as Lv4AQP4) was cloned by RACE method, and the effect
of salinity stress on the transcriptional expression of LvAQP4 in the hepatopancreas was examined. The results
showed that the full length cDNA of LvAQP4 was 1048 bp in length, containing a 75 bp 5" UTR, a 187 bp 3’ UTR,
and a 786 bp ORF that encode for a deduced protein of 261 amino acids with the estimated molecular mass of 27.85
kDa and an isoelectric point of 8.11. The LvAQP4 protein shared identities from 48.8% to 97.3% with its counter-
parts in other decapod species. Additionally, the phylogenetic analysis suggested that LvAQP4 belonged to
AQP1-like subfamily and clustered with other AQP4s. Quantitative real-time PCR (qPCR) showed that the expres-
sion of LvAQP4 was ubiquitous, with the highest expression in the gills. The expression levels of LvAQP4 were also
high in the hepatopancreas, muscle, brain, and eyestalk but low in hemocytes, intestine, stomach, and thoracic gan-
glion. Under hypersalinity stress (40), the expression levels of LvAQP4 mRNA in the hepatopancreas increased
consistently from the beginning to 6 h, reaching the highest level at 6 h, and then decreased after that. Under hy-
persalinity stress (4), on the contrary, the mRNA levels of Lv4AQP4 showed no significant change. In the hepato-
pancreatic primary cells, the expression levels of LvAQP4 mRNA exhibited a dose-dependent upregulation when
increased dosage of NaCl was added. Similar results were observed with addition of sucrose in the culture medium
to increase the osmotic pressure, but the effect of sucrose on Lv4AQP4 transcripts was weaker than that with NaCl.
These results suggested that the expression of LvAQP4 in the hepatopancreas was affected by salinity and Lv4AQP4

may play important roles in the osmoregulation of L.vannamei.
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