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WE: R cDNA Kl § 1 F R (Rapid Amplification of cDNA Ends, RACE) 33K 75 T J18%(Coilia nasus)/K il
HEEE 1(AQP)E K cDNA [#5, HAiIEFH] 4K N 1299 bp, 5% . 3% &% X (untranslated regions, UTR)K f&
45K 107 bp F1 458 bp, T EHE (open reading frame, ORF)KEE Ky 777 bp, Hhgwid 258 MR IR, MRS &
J& 6.13, AT RN 27.1 kD, ZiH50HT R, JI8F AQP1 HAT /K & (1 KR MR ZE M RAE, (045 6 B IRa
¥k, 2 A RE Bl iR - E R (NPAYFHE 751, [FIEF R B AQP1 M & RIL &Y i M E R4S A . o
Fe 5 R IEPE X R g i A o A 2R 0, 5 R1E BT B 4 0 A Sk 0 [ M i 25 (93%), JF H S5 HR Dy —32, SLmat
FEANIEIR R, JI6 4oP] BAAZFAL PR FRIL, WFER. 688, F. i, 5. 1. IR, &S3EE
WG, AQPI ¥EB B VHTTVE RIS 2388 . e . I i RIAK A 35 25 5(P<0.05), RBLT AQPI 18 JI8H5:E A
PEZVEM . ARWFTREE R R A5 — B8R T 65535 W1 AH G SE R ) PR pLH R e 5%

X8R JIE KEEE N 1 RN IR, S, A FEE

FESHES: S917 HEAFRERS: A

7K 38 i % 11 (aquaporins, AQPs), f&—2& Pk
A KA TN TR E . Hl, & A Sk
AL, WA s MRS R, BT ZAF
TETah . MY UL AE R & R A 2N, ank vy
A (Salmo salar)EE | i . I, /INE(Mus musculus)
BIALA . 5 L TEARIE . AR, ¥ IRN(Cucumis sativus
L)WF T, K3 (Hordeum vulgare L)y 2074
7K 8 B AR L S DL AR s s s T
FRA . B4, TEMEL s h e LA 13 DIk E
B H LG (AQPO-12)) . AQPT R IR F L, I
AR ZORKEEE A . FEWELS T
AR Z A AESE T, W AQP1 RIkAZHEL
25 DL R SRR LR s U, 5 2 ik
T KA A SR MR AQP [URFFSE Z2 4
FEARYIPUPE o DA B, AP T AR5

ks BER: 2016-11-25; 1&iT HEA: 2017-01-16.

XEHS: 1005-8737-(2017)03-0449-10

FUMIGIER . T2 S SRR A, AQP 3l A i 1y
Kk, 5 2R MEE E B R A EAE SR DT
ORISR R BT T FEK s b, B4
SRS T KV (Salmo salar) . 43k 8 (Sparus
aurata) . KRN 5 (Dicentrarchus labrax). H 7 i fig
(Anguilla japonica). ¥t (Monopertus albus), HZAS
T (Oryzias latipes) . BE D (Danio rerio). =Pt
F1& (Portunus trituberculatus)? ) AQPI &1+ cDNA
JEA, JEFRE T AR SRR AT . [ BdoF R
T LA K i Fh B ER PR o 2 SR AR T
P10, WEITAE R, AQP1 YT 51 HAT /K 1
FI A ) RAFES R RRE, RIS 50 FH0H 6 A
5 MR TE, X5 B A K A T e — i 2 R — T 2 TR
(Asn-Pro-Ala, NPA)RYPRSTFEREF o (g H4H 418k
DT, B W YR R R R
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J118%(Coilia nasus)5 )& T#EE H (Clupeiformes) |
iRl (Engraulidae) . %)@, J& 3% K 715 2 A9 4 550
TErk s, HRIE 6L, S, W AR RV
o, T ANRER, WA, FEITH G
SRR L BRBEROR L EFRM . POV E T
T JE T — SR gE 20 I A A RERE
P, 7E e R o 8 D R R SR AR IR T AR
T35 325 V8 75 X 2 0 9 DR 00 e e 47 2 A oy T 22 1)
VEFT. B4, A5 A 56 J] 855 3 1 15 7 i A RaE
R SCATIR, AQPL TE/K =S4k — A, 4k
FEI KB 3 R, oE R e iR AR A Ty T R 5 45
SLAE, B 4 A5 = DA A AN ) A K 25 S
LA TR RACE J7 ik 5EBE3RAG T J18F A0P1
7 cDNA 2 KJ¥F, JFHF e 7 HAEER B/ T A
LURIIEANTE, BIEN A5 A T & ) 62
B HLHER S 2%

1 MHEFE

11 XBéE

SEE AN 5 A AR (133.54£0.9) cm A (8.78+
0.6) g MyJIELfn, R A EK=RHEERBEIR K
O BIFFE H O B4 IE S SR A e . SCI AT TE = A
HAKPRHET I 20 d, L4, WK IE A 20+
0.8)°C, pH & 7.3, A S M (8.3£0.7) mg/L, K
F 7:00. 12:00. 17:00 FEATHME LR ET— K1k
P,
1.2 HERE

TR 40 Ry X HR AL RS2 4, X HR 4H M IR /K 25
4, SEERZH LN NaCl (977 Ok LK R ER B 15,

FWAL 3 AT, T8 6 NIRRT, TR
15 BB, A5 FA%)5 0h, 2h, 4h, 6h. 8hAf7E
Xt HEL AN SR 2 o0 oR A, BEUCRSE 2 R, K
LTI N <1177/ =777/ NG £ = BN N P X
MR TR, M T80 CUKFH A& G 25540
1.3 2 RNA KJ3REXAN AQPL E [ it ¥ 5 3k 15

BN REZH TT 85 i 412, B8 RNAiso reagent
(TaKaRa)ilk | & Ui I H#EHUE RNA, i Recombinant
DNase I (TaKaRa)3k 2 & DNA, {# & 2 43 #11X
(Eppendorf) A S 1%Z5t g ¥ 5 i F Pk A U RNA Jii
FIHRE . ARHE H RS2 Anguilla japonica, AB094502.1)
WK VN 65 i (Anguilla anguilla, AJ564420.1). 43k
(Sparus aurata, AY626939.1). T #{(Diplodus sargus,
IN210582.1). FH#4(Oryzias dancena, AB759556.1) .
W5 80 2R 5 i (Takifugu obscurus, GQ325617.1), JB%
B Ak ff1(Oreochromis niloticus, XM_003438085.3) . />
S(Mus musculus, NM_007472.2) . N(Homo sapiens,
AB451275.1) AOP1 M i) cDNA F R F IX 7 51 fif FH
Primer Premier 5 X1 IER 514 P1 Fl P2(3k 1),
fifi i PrimeScript One Step Enzyme Mix(TaKaRa)it
I3, LA R 50°C 30 s, 94 CHIAEM: 2 min;
1M)5 94°CAEME 30 s, 58°CHEMH 30 s, H30MEFF; I
JG T2CHEMR 1 ming 1%35 M EE I L VKRS I, )
TaKaRa MiniBEST Agarose Gel DNA Extraction Kit
(TaKaRa) I B K 700 bp B H A H B, G #
% pMDI18-T #fk(TaKaRa)Jf55 A E. coli DH5a &
ZAMM N (TaKaRa), % £ B MY B AA R
oSEIF, 3645 736 bp B, £ NCBI Blastx HXT,
UEWTIE AQP1 B RIE T4

R1 KARBPFAASIY
Tab.1 Primersused in thisstudy

514 primer JF751(5'-3") sequence(5'—3") IJBE function

P1 GCGAGATCAAGAGCAAGGCATTC 1 A0P1 {~FIX IE 7514 forward degeneratate primer for AQPI amplification
P2 CTCAACGCGAGGACGTCATAGTC  ¥#% A0P1 f5FIX X 5|9 reverse degeneratate primer for AQPI amplification
P3 GTGGCCGCAGCACTTGTATAC P18 AQPI 1Y 355 — 4R 1E M 5|4 forward primer for AQPI 3 outer RACE

P4 CGACCGCATGAAGGTGCTCC Y1 AQPI 1Y 35 4R IE M 5|4 forward primer for AQP1 3’ inner RACE

P5 CTGCGGTGATGCTGAGGAAG Y1 AQPI 1Y 5" 35— %8 S 5|4 reverse primer for AQPI 5’ outer RACE

P6 GAAGAGGGTCATGCCCAGCAG P AQP1 1Y 555 4 S 5|4 reverse primer for AQPI 5’ inner RACE

P7 GAGCCTCCGATCCAGACAGAG WEER PCR ¥14 p-actin B IE 0154 forward primer for S-actin qRT-PCR

P8 CATGAAGTGTGATGTCGACATCC %G PCR P73 p-actin R [ 5|4 reverse primer for f-actin gRT-PCR

P9 CACATCAGTGGCGCTCACCTG WOLER PCR ¥ 14 AQPI WYIE [ 514 forward primer for AQPI qRT-PCR

P10 CCAGCGAGCCCATTGAGTC Pt & PCR Y714 AQOPI M9IE 8] 514 reverse primer for AOPI qRT-PCR
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1.4 71t AQP1 EE RACE ¥ & Lie

WIS B I8 AQP1 rhIRIBLFS, B3t 5'-
RACE 5 3'-RACE FE5 k549 P3-P6 (£ 1), fli/H
RACE J5ik B8 71855 AQP1 FEN) 5% 5 3541, [0l
W H B R B, B HG%E 2 = pMD18-T # /A& (TaKaRa)Jf:
5 N E. coli DH50 J&3Z 540 ifl(TaKaRa) il T . 4R
J5iiz H ContigExpress SR PESF X P51 . 53 751

ARz 3% 7 5 BEA T DFHz, 133 J165F A0P1 42K cDNA
JFA1
1.5 AQP1 %K i SHEERF 55

fifi | DNAstar #4F ) EditSeq ¥ AQPIcDNA
FEANRIIE N R TS (E 1), SR S0
TE LR T B A (http://isoelectric.ovh.org/)HEAT 43 #T,
H SOPMA 7££k T H.(http://nhjy.hzau.edu.cn/kech/

1 cacacaaacacacacacacacatagtcaaaccaacggggctatccttaacctectctace 60

1 M K S E I K S K A F W R A V L A E L L 19

61 agccATGAAGAGCGAGATCAAGAGCAAGGCATTCTGGAGGGCCGTGCTGGCTGAGCTGCT 120

20 G M T L F I F L S

T A A I G N D Q L D 39

121 GGGCATGACCCTCTTCATCTTCCTCAGCATCACCGCAGCCATCGGCAACGACCAGCTGGA 180

40 E VvV K T S L A F G L A

I AT L A Q S L G 59

181 CGAGGTGAAGACGTCGCTGGCCTTCGGCCTGGCCATCGCCACACTCGCCCAGAGCCTGGG 240

60 H I

s G A HL NP AV TUL GMTUIL A S C Q 79

241 CCACATCAGTGGCGCTCACCTGAACCCGGCCGTCACCCTGGGCATGCTGGCCAGCTGCCA 300

80 I s v L R A A M Y

vV A Q M L G A T V A 99

301 GATCAGCGTGCTGCGTGCCGCCATGTACATCGTGGCGCAGATGCTGGGGGCCACCGTGGC 360

100 s G I I ¥ GV R P Q T NDZ KL G L N G L 119

361 CAGTGGGATCATCTACGGAGTCAGGCCACAGACCAACGATAAGCTGGGACTCAATGGGCT 420

120 A G V. T P S Q G I

E L L A T F Q L V 139

421 CGCTGGTGTGACCCCAAGTCAAGGTATTGGCATCGAACTGCTGGCCACCTTCCAGCTTGT 480
140 L ¢ v I A TTUDI K RIRIRDV A G S A P L 159

481 CCTGTGTGTCATAGCAACCACAGATAAAAGGCGGCGGGACGTGGCAGGCTCTGCTCCCTT 540

160 A I 6L S VAL GHULTA ATI S F T G C G 179

541 GGCCATTGGTCTCTCTGTTGCTCTGGGACACTTGACAGCCATAAGCTTCACTGGGTGTGG 600

180 I N P A R S F G P A V

I L. S D F T N H W 199

601 TATCAACCCTGCACGCTCCTTTGGACCTGCTGTCATTCTGAGCGATTTCACCAATCACTG 660

200 v Yy wv G P MCG GV A A ALV Y D F L 219

661 GGTGTACTGGGTCGGGCCAATGTGCGGAGGCGTGGCCGCAGCACTTGTATACGACTTCCT 720
220 L Yy P K MDDV F P D RMI KV L L S G S A 239

721 GCTCTACCCCAAAATGGACGACTTCCCCGACCGCATGAAGGTGCTCCTCAGTGGGTCGGC 780

240 K DY D V N G V E

T G V EM S s K * 258

781 CAAGGACTATGACGTCAACGGAGTTGAAGACTCCACGGGCGTTGAGATGTCGTCAAAGTG 840

841 Aaagcttgccaacccttccgtttcatgtacagtctctctaaatgaatatgaatacacatg 900

901 aagattgtttctatgtcagcaaaatagcttttctactttgaatgaaagtctttagtgtgg 960

961 gatatgcacactacattcagattcgcatactcttgtttgtctgaaaattagttaaagect 1020

1021 atcaaagaaggcatgtgtgttacagataatgtaagataactttttattgtctcaatgagt 1080

1081 gggctccaacatcagtattttagatgtagaatcacatatttttgtaaactattttctatg 1140

1141 taaatgtttattgtatcgttttatatttgtactctgtgtgcacaactattccttgtctte 1200

1201 acttttgtaagtaaatgagaacacatgttgggtgtctaacaactatgtatcttccacttg 1260

1261 ttactggaaaattgctaccccttattattgaaaataaaa 1299

B 1 JIf AQPI ) cDNA JF 5 K3 51 & LR 7 5
P HITE GenBank IS5 KY216191. /NEFRAIE 3'UTR Al S'UTR X, BT 52 %7 FRIZLERR.
Fig. 1 The full-length cDNA nucleotide and deduced amino acid sequences of AQP1 of Coilia nasus
The GenBank accession no. of above sequence was KY216191. The lowercase letters are the
3'UTR and 5'UTR. Start codons and stop codons were underlined.
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swxxx/jakj/dianzi/Bioinf7/Expasy/Expasy8.html) 73 #t
e E BRIy 9 — 9454, ] TMPRED 7E £k 4K
(http://www.expasy.org/tools/protscale.html) 73 Ht 5
2E¥5, {#i ] PROSITE 7E2k T E (http://au.expasy.org/
prosite/) /M THIRER, {4 DNAstar 2411 MegAlign
L2 LR T S [, MegaS.0 B4R @R H:E
(Neighbour-Joining) H4 HAH G FI Y RGEHEALA, FHOCH)
f AQP1 7F GenBank &5 L 2,

&2 AMRDEAMIFH AQPL FEBL
F%I) GenBank 55
Tab.2 GenBank accession numbers of AQP1
amino acids sequences used in this study

YyFh species
KVaHE Clupea harengus

J#515 accession number

XP_012683423.1

438 Sparus aurata AAV34610.1
T Diplodus sargus AEU08496.1
Mk Acanthopagrus schlegelii  AB0O38816.1
W 8 AR Iy il Takifugu obscurus ADGS86337.1

JE8E Fundulus heteroclitus NP_001296903.1

Zu @kl Cyprinodon variegatus XP_015225343.1

)R 4 Osmerus mordax ACO09149.1
BTy Danio rerio NP_996942.1
KR Canis lupus familiaris NP_001003130.1
JINEL Mus musculus EDK98728.1
N Homo sapiens CAQ51480.2

1.6 T18F AQP1 BEE AL RIE ST

16.1 7% AQP1 EEAEARRHELFHRILDH
IO HRZH 0 h B i) o519 0 6855 B3 A7 1Y) 45 2 UL 5 6 |
. BFL OBE. M. hE L mT . R . DLRJT R
SRR T, RIS EHGE Y B-actin JFF, b
T, B JIBF NS IEA p-actin IFEFTH) PT
1 P8, MRIEARIGHY TI6E AOPT K FH) iR H 5
Y P9 P10, HIT¥ 14 185 bp KB BIWFHI WE 1,
7E ABI7500(ABI, USA) [ JT J& 52t 3¢ 6 i f PCR 43
BT o I 554442 95°C 30 s; 40 MG 95°C 5's, 60°C
34's,72°C 50 so £ PATAAAH 1 R IIEY, A
gUH 3 RS, B 3 RER, Rika
27AACT B AOP1 mRNA HIXH# kR Ll SPSS
211 AR R R A7k Y Ducan’s £ AL
BT AT, LB A5 R DL 2 {E £45 1 25 (X £SD)
KR, P<0.05 LN EF W E.

16.2 718 AQPL ERFEEEEATHALARIES
XA E, S A aE AU S T A
T RIK I i A 2 15 £ 1415 385 71 1) S LA 4,

AR SE VRO BE I EE . . BT . e TR
EREEAVE T B9 SIS 8 1 A3 AT o HBORT RRZH AN S 49
A a A FEERE/EH T Oh, 2h, 4h, 6h, 8h
() TI85%, £ FATHA IO I8, dhe MRS, REARE
rn il 3 RE AR, a0 i BB S A i R] 1.6.1 Ak

2 #RE5HH

2.1 718t AQPL HIFF B R & 53 4

il RACE Jik, el 164K cDNA JF#
%1, Hrp 535 UTR 24 107 bp, JFHCREEEHE A 777 bp,
3% UTR KB4 458 bp, it 258 P L (K 1),
MG A 6.13, FEH Ty 27.1 kDa, Hp
FLEA 22 A0 2 LR R 2 R+l 2 IR+ 2H 2 R ) i
19 MR 2 FE IR (R A& A IR+ ATR) . TI6T AQP1 45
HorprRm, HEA 6 MBI, 4056 T
10~36, 40~59, 86~107, 126~146, 158~173, 198~218
RILTRAL; [FIRHABAT 2 4~ AQP KK = B IR ~F
1) R A Tk i — il 20 R — P9 24 R (NPA) R AIE J¥ 471, 439l
fiTF 67~69 I 181~183 GHEMRAL; FERIEM 178 i
Mob, B BA AQPT MG & ORGPk e R
A (E 2),
2.2 J1% AQP1 KRR %5 7

ClustalX2.1 2 FE R 751 L X245 2R % W, J] 5%
AQP1 ZHEMR T4 5 Ol i) W A B AT 3 v 1 [R) U
P, 5 RKPEEEE(Clupea harengus)FITRYE R 93%,
543k 8 (Sparus aurata) . 5 #{(Diplodus sargus) .
MR (Acanthopagrus schlegelii) i [R1E 1141 4 82%,
5 7% & i (Cyprinodon variegatus) . Ji& 8 (Fundulus
heteroclitus) I [FIEYE R 81%, 5 KGR TT i ( Takifugu
obscurus) 1) [a] Y& PE B 80%, 5 HH JN A (Osmerus
mordax) IR N 79%, 58S (Danio rerio)lt)
FEM R 77%, S5/DBR(Mus musculus) B9 [B1IRPE R
61%, 5 K K (Canis lupus familiaris)#9 [5] J5 % R
60%, 5 N (Homo sapiens)HJ [FIJEYEN 59%.,
2.3 J1% AQP1 IR G L5347

WKl 3 fi7R, MegaS.0 FRAH 21 R GE kAL 45
LW, K 5FLsh Y AQPL &% H R N —2K,
Hrp )6 5 RV R E e H, —EE kR h—
G13C, AR HE R BN Oy —2; T 18
H5HERm K, K5, JIEHRKK S5 6 51N,
WESUCAR DTl JiCll . e s T RS, WFLshYf
WRER . NRAMAR AQP1 FH 7 —4r 3
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TMD1
cnaQP1 K T T = 45
chAQP1 B L L - 45
saaqQPl R L L = 45
DsAQPL R L L = 48
ToAQP1 R L L - 48
FhAQP1 R L L - 48
AsAQP1 R L L - 48
cmAQP1 R L L : ﬁ%
DrAQPl N L L :
CvAQP1 R L L - 48
ClAQP1 A L I = 56
MmAQP1 a L = 54
HsAQP1 a L - 54
CnAQP1 = 101
CchAQP1 = 101
saAaQP1l = 101
DsAQP1 = 104
ToAQP1 = 104
FhaQP1 = 104
AsAQP1 = 104
CmAQP1 = 104
DrAQPl - 104
CvAQP1 = 104
CclAQP1 = 102
MmAQE1 = 110
HsAQP1 = 110
cnAQP1 - 155
chAQP1 - 156
saaqQPl = 155
DsAQP1 - 158
ToAQEL - 158
FhaQPrl - 158
AsSAQP1 - 158
cmAQP1 - 158
DrAQP1 - 157
cwAQP1 - 158
claQel - 168
MmAQP1 = 166
HsAQP1 - 166
TMD5 TMD6

CnAQP1 = 211
chaQP1 = 212
sanQP1 = 211
DsAQP1 = 214
ToAQP1 = 214
FhAQP1 - 214
AsAQP1 - 214
cmAQP1 - 214
DrAQP1l = 213
CcvAQP1l - 214
c1aQPl = 224
MmAQP1 = 222
HsAQP1 = 222

cnAQP1 = 258
CchaAQP1 = 259
sSaAQP1 = 258
DsAQP1 = 261
ToAQP1 = 261
FhAaQP1 = 261
AsAQP1 = 261
CmAQP1 = 262
DraQPl = 260
CcvAQP1 = 261
c1AQP1 = 271
MmAQE1 = 269
HsAQP1 = 269

K2 J16% AQP1 5 AWK Y R & SRR 7 91 i) 2 T LE X
523853 22 7R I 2 Ll 45 21 v — B &R ; 6 5 R BRTIE X (TMD1-6) LIBR R AR 1L 2 A~ NPA fRSFEF LA HER 7R il 5
HeCL (2 PR BRES & L5 LA A FoR. ARSI A FK, RIS TR IR A PR S . As, JUBREE; Ch, RPGTEEE; ClL, KK
Cn, JIf%; Cv, Z& @ Dr, BEShfh; Ds, FAF6H; Fh, JES; Hs, A Mm, /M Om, $1J/Rf; Sa, 43k 84 To, WEEUAR 7.
Fig. 2 Multiple alignment of amino acids sequence of Coilia nasus AQP1 in comparison with those from other relevant species
Completely identical amino acid residues were shown in shades. Six transmembrane domains (TMD1-6) were indicated
with horizontal lines. Two highly conserved “NPA” motifs were marked in boxes. Binding site for AQP1-inhibitor HgCl, was
indicated with filled triangle (A ). The left letters were sequence names and the first two letters represented species’ names.
The specific meanings were as follows: As, Acanthopagrus schlegelii; Ch, Clupea harengus; Cl, Canis lupus familiaris; Cn,
Coilia nasus; Cv, Cyprinodon variegatus; Dr, Danio rerio; Ds, Diplodus sargus; Fh, Fundulus heteroclitus; Hs, Homo
sapiens; Mm, Mus musculus; Om, Osmerus mordax; Sa, Sparus aurata; To, Takifugu obscurus.
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81— N8 Fundulus heteroclitus

L Zetatl Cyprinodon variegatus

WS AR Tl Takifugu obscurus

95

AN Osmerus mordax
BELL 48 Danio rerio

93

76 82

89

85 H I Diplodus sargus
S Acanthopagrus schlegelii
423k Sparus aurata
A J18% Coilia nasus

99 l: KPGH:EE Clupea harengus

KK Canis lupus familiaris

A 3

99 { N Mus musculus
100 N Homo sapiens

JI% AQP1 J7 35 HABYIFF AQP1 J¥F it fk 3 #r

R I ABHEIEAT /30T, RGEDEAM B GEUE D 1000 YCEPAL Y 25 4650 1505 B
Fig. 3 Phylogenetic analysis on Coilia nasus AQP1 in comparison with those from other species
Phylogenetic tree was constructed with NJ (Neighborur-Joining) method. The values at the nodes
indicate the bootstrap percent when bootstrap replications reach 1000.

24 7% AQPL1 EFEEARR AL RHIRIESHT

SRS E i PCR 43P 45 SRR, JTI6F AOPI
FEHFERG . B . BB, 5. PR LA
I R, R0 ALURRAE Rk, TEMLIE
MRk, HUCRERE . 68 ATl RS b h 3k
AR, RN AZUE TR (A 4).

350 r
n=3; xxSD

AHX RIA R
relative expression leve!
_- = DN W
S u S u &
S & & & &

W
(=]
T

d

i
L H Al PI
4 tissue
Kl 4 J1EF 40P1 R TESHLUR (A FE
Al Il B, I G, 8 H, OJE K, ;L AT
M, ILA; PL JEl; S, M. #F BRI/ NG -8
RERR AL 2257 5.3 (P<0.05).
Fig. 4 Relative expression of AQP/ in
different tissues of Coilia nasus
Al, Anterior intestine; B, brain; G, gill; H, heart; K, midkidney;
L, liver; M, muscle. PI, posterior intestine; S, spleen;

Different lowercase letters indicated
difference significance (P<0.05).

25 718 AQPL EEEX EMERA THARRIESH
WE 5 Fos, fEm#RfEM 2 h i), #id AQP1 3%
KR R, R ai L e gk

(=]

S K M

BRI, (H2E5 K83 (P>0.05), fE/EH 4 h i,
it AQP1 FRIKTC W E Ak, AL AQP1 ik
KGR, HESARRE, P5. Ehas
AQPI FRBIKF- B E T (P>0.05); Zm#AEM 6 h
5, 6 hEFHS T AQPT FERNFE B KT
Ak, SRS AQP1 F kKA T, (B
BELR WAL A0PI FEWMEF K BE
T (P>0.05); ZEifEH 8 h)E, Hilath A0P1 3=
KK FEA TR, HESARE, HAKHN
AQPI WyFRik o it #7814k .

3 it

3.1 71 AQP1 HIFF FI4HE

AQP1 R T KiEE K K, HARy i
S 20~30 kDo FH—Z s EEFR T 5 E A WA RSF Y
NPA ¥4, HArIRZ5H &R 6 485 BIRTEX 5 5 4
IEER AT 1% 4%, 2B — A A s fLE Y #5
R 25720 AR 5T FE B ARAS Ay T 65 AQP1 J¥ 51 4
TR 27.1 kDa, HHEA7KMIE & A ZGEI LA 1
PRSF P S T RELE b3k, RO NPA B4 HE7 DL
6 ™5 IR IE X . 7E 2 FER 178 4b, A HA /KGm i 4
G5 O SR AL B P U K 2 5008 03 BT BT o
IR A A o AEXSELRSF S5 R, NPA JE P X F
AQP1 ZHF/K5Fis ki Uit HA S HEEH . Kong 4517
FFET AQP1 4y FahAMpImg, RHEPHET
NPA SRR AQP1 % I/KIJEEM T, Z5HRE
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(A) B)
O XT B4 control group 5 G Xf 84 control group
= B SLI0 4 experimental group E=I W LIS 4H experimental group
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Fig. 5 Expression of AQP! gene in gill, midkidney, anterior intestine and posterior intestine of Coilia nasus under high salinity

A. Expression of AQP1 in gill; B. Expression of AQP1 in midkidney; C. Expression of AQP1 in anterior intestine;
D. Expression of AQP! in posterior intestine. * indicates significant difference between control and experimental group (P<0.05).
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Molecular cloning and expression analysis of aquaporin-1 from the
Coilia nasus under high-salinity conditions
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DUAN Jinrong’, ZHOU Yanfeng?, FANG Di’an?, ZHANG Minying®, YU Zhenfei’

1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214081, China;
2. Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization, Ministry of Agriculture; Freshwater
Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China

Abstract: The Coilia nasus is a commercially important anadromous species distributed mainly in the Yangtze
River of China and in coastal waters of China, Korea and Japan. The species is popularly known locally as one of
the three most delicious fishes in the Yangtze River, along with the obscure pufferfish Takifugu fasciatus and
Reeves shad Tenualosa reevesii; additionally, Coilia nasus is the main source of income for many Yangtze River
fishermen. Coilia nasus migrates to sea for growth and so experiences a wide range of salinities, making osmo-
regulation especially important for the species during this migration. The protein aquaporin-1 (AQP1), a member
of the aquaporin family of integral membrane proteins, functions in transporting water as well as ammonia, urea
and glycerin. Accordingly, it is important for hypertonic and hypotonic regulation and maintaining osmotic ho-
meostasis in an organism. To investigate the osmoregulatory role of AQP1 in Coilia nasus, we used rapid amplifi-
cation of complementary DNA (cDNA) ends (RACE method) to clone, for the first time, aquaporin-1 from this
species. The full-length cDNA covered 1 299 base pairs (bp) with a 777 bp open reading-frame (ORF) within the
5" untranslated region (UTR) of 107 bp and the 3'UTR of 458 bp. The ORF encoded 258 amino acids, with a cal-
culated molecular mass of 27.1 kDa, and theoretical isoelectric point of pH 6.13. The results show that AQP1 of
Coilia nasus possesses typical conserved domains of the AQP family, including six transmembrane helices and two
NPA (Asn-Pro-Ala) motifs, and one binding site for mercury (II) chloride (HgCl,), which is an AQP1 inhibitor.
Next, we analyzed the homology and phylogenetic systematics of the AQPI sequence from Coilia nasus. The
highest homology and similarity (reaching 93%) occurred between the AQP1 of Coilia nasus and the AQP1 of
Atlantic herring Clupea harengus. The AQP1 of Coilia nasus displayed an evolutionary relationship the furthest
from AQPI1 of mammals. We performed real-time quantitative PCR (qPCR) to study the expression of AQP1 in
various tissues of Coilia nasus, namely gill, brain, mid-kidney, anterior intestine, posterior intestine, spleen, liver,
heart and muscle. The results showed that it expressed in many of the tissues (including gill, mid-kidney, anterior
intestine, posterior intestine, liver and muscle), but the level of expression was highest in the brain. Lastly, we
performed a high-salinity stress test to discover the osmoregulatory function of AQP1 in Coilia nasus under con-
ditions of hypertonic stress. The expression of AQP1 in gill, mid-kidney, anterior intestine, and posterior intestine
significantly differed from that in tissues of the controls (P<0.05). These results demonstrate that AQP1 indeed
plays an important role in osmoregulation in Coilia nasus, and the study provides a theoretical reference for fur-
ther research on the metabolic costs of osmoregulation in Coilia nasus.
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