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cDNA Cloning of Aquaporin 3 in Sarotherodon melanothern and Its
Tissue Expression Patterns under Salinity Stress
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Abstract; To understand the role of aquaporin 3 ( AQP3) in osmoregulatory processes of Sarotherodon
melanothern, the complete ¢cDNA sequence of AQP3 was cloned from gills of S. melanothern using rapid
amplification of cDNA ends (RACE). The full length of AQP3 ¢DNA was 1 894 bp, containing a 912 bp open
reading frame encoding 303 amino acids, with a 98 bp 5’ untranslated region (UTR) and a 884 bp 3’-UTR
(Fig. 1). The amino acid sequence comparison showed that AQP3 of S. melanothern shared the highest
identity with Oreochromis mossambicus (94% ), and it processed six transmembrane domains ( Fig. 3).
Relative tissue expression levels of AQP3 mRNA under different salinity stresses were estimated by real-time
quantitative PCR. Higher expression was detected in skin, gill and muscle than in other tissues at 0 and 15
salinity ; moreover, the expression level in 15 salinity was lower than that in freshwater in all tissues (Fig. 5).
The expression level was higher in intestine than in other tissues at 30 salinity (Fig. 5). The results suggest S.

melanothern can utilize AQP3 in different tissues to respond to water transfer under different osmoregulation
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processes.
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B F Y R B T AR N AR B 0E TR R
M, 3 NS R BB A B Bl YK 2K
i 3 HE 224 R S RV WSOK G5 ok 4E R R 2 5
He 35 7K £ 256 5 ok HE Hh 22 4% K G IR WA 3
B TR 92 BE R Y (2 JLAE 2002)
WFFERW], A Y 7K 53 FES 5 1Y) % 32 2 Fh 200 il
I Z Aok B - E 8 RS s S [ AR
2P B9 ( Whittamore 2012 ), 7K i@ 3 & &
(aquaporin, AQP) Rl i@ B HZ —, ALK
IKFNES F i s i mEAER], M ik 25 1l
PRESE S AW iz, a8 3E 5 b
& 15 B AE I (Cutler et al. 2000, 2007)

HHr, ANFEAEYhKEEEAL LA 13
AFHM B, S =4, AQPO.AQPI L AQP2.,
AQP4 AQP5, AQP6, AQP8 i — 24, AQPII,
AQPI12 35— %1, AQP3 . AQP7 .AQP9  AQP10 ¥
—2H ( Cutler et al. 2007, 7§ 4 #4¢ 2008) , #f
FaEh, A DHILROKEIEE A, AQPO,
AQPT AQP3 AQPS  AQP10 3£ [H I 41 i 1) 74 e
(Maclver et al. 2009, Kim et al. 2010) ., XJEX
B84 ( Anguilla anguilla) (Kim et al. 2010) |
H 8280 (A. japonica) (Maclver et al. 2009) |
KPG8 ( Fundulus heteroclitus) (Jung et al.
2012 ) . Bk W IR &5 ( Dicentrarchus labrax )
( Giffard-Mena et al. 2007 ) Fl 2% 3% [t 5 % JE
( Oreochromis mossambicus ) ( Watanabe et al.
2005) AW IEST, AQP3 EIRZ 4 4Urh 1y
ARDB, FARFEBBEESEWNSR T 7.
Jz2 4% ( Cutler et al. 2000, 2007), AQP3 mJ &
B R4E 2 5ok iz, S0l s IR E
TR 5 40 S fA FRAE 6 (Hirata et al. 2003,
Watanabe et al. 2009) & & & 7 40 il 19 8 & &
% N P ( Watanabe et al. 2009, Seale et al.
2012) %, k¥ B & W 1E B ( Cutler et al.
2007) ,

5= % B HE M ( Sarotherodon melanothern) i
FET ARV VS 5 5 75 W1 ( Adépo-Gourene et al.

1998) , ik 6E Syt ok, REALE 100 £R DL Ry
K 3% 0 IE H AR K 5 5 ( Ouattara et al. 2009) |
S TT e 0 2595 375 s I 95 LRI AIF 5 1) AR B AL 5
Yoo R, ARBETEE R SERE T B2 B i oh
K H 1 AQP3 cDNA K P51, HJ 52 ik
PN E T HORAI T AEAS [ £ B2 38 A5 1R H
AFHLH AQP3 mRNA FKIAFHE, At —4
) S ERBEW A E LB E N
FAE R R LA TR,

L bR

L1 ##

L1.1 et pRB R HEM 1 Rallcy 1l
VR R 2 0 2 BT B PR 0 L 0 A S
Je, FEIK AR FE IR N R . A5 HC20 R AR
I3 O $h B (1S R EEFN 30 R rp (15 R
130 £ 78 2 2 3l i AP 4 A RE 9 AL Al T
BE) o FRAE—FJE, BEAWS B, MG i
Gl 711 VO N TN = N =N 197 NG RN 77 =9 7
O VBIR ILA, IR UK 5 BT - 80°C UK A
AT

L12 308 F 250 O Trizol RNA 42 HUA
), Wy H Invitrogen, Premix Taq”l ( TaKaRa
Taq™ Version 2.0 plus dye) ., pMDI19-T i & .
PrimeSecript RT reagent Kit With gDNA Eraser,
SYBR ® Premix Ex Taq ¥y B =49 T.72 (K
%) A BR /& ", SMARTerTM RACE c¢DNA
Amplification Kit, Advantage 2 PCR Kit g F
Clontech 2 7], % il BUIEHH BEE DNA [ 50351
& VENEE RN AMP X-Gal [IPTG K i #F
A2 S DHSa B0 3 RAR A AL RN (b at)
AR T o HAb R S S TN AT 2 [
FRorpTal, W E R 28 AL E R A R A
1.2 SRWAHE

1.2.1 & RNA f2H0 BURAFRIH ST A I
AT pA T BT R K o 4% [ Trizol {ff
FHUEIH $2 B &0 RNA, F RNase free ddH,0 &
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fift , 2% Byt EE E HL UK A T RNA ) 5 B 7k A
FRE, IR RNA BTN A/ Ay (o A i
ET -80C A7,

1.2.2 %5t M5 PrimeScript RT reagent
Kit With gDNA Eraser 193600 #:4E, B 1 pl 65
B RNA O B e s AR & U3 — 55 <DNA, HI T
PCR 4"},

1.2.3 3|#i%it5 PCR ¥ £ GenBank
W Z L e 2 4R 1 AQP3 cDNA F 51, M
Primer Premier 5.0 #{F &3t . FiFg1 9, 5l
YA TAY TR (L) A RN R A (R
1), LA cDNA N #itk, & 8 Premix Taq
(TaKaRa Taq"™ Version 2.0 plus dye) i3 B 5 i
17 AQP3 FL [ &R 43 Fr By PCR § 3, B S pl
PCR 4" 34 7= W) 28 2% 1) By g 0 6 e P ik Ak 0 o
1.2.4 HpyER R EMEW SR HhA
B W4 BRI I B 86 e DNA [l fic i€ 551 5 156 BH
BHEAT M2l . ¥ pMD19-T % 44 HI 1 1],
WO wl B Wy i AT % 422, SRS R FF AT IR
% & DHSa i 17 ¥ tb. ¥ k™ ¥ 7 37C
230 v/min &M ARG SR 1 h 5, SR T
A X-Gal [IPTG , Amp 1y LB [& #4555 5% |,
BT EERE SRS, 37CHFR (10 ~15h) , I
A BT VR 1Y AR, b Bk B, 4

#£1 AQP3 EE=E.RACE RKHTE

T8 Amp B LB WA 8; F= 56, 220 v/min £
F% 10 ~ 12 h, I J5 #6471 % PCR 53k I Pk ik
PR e R B A4 T A9 TR ( Bl A BRA A
PEATI Y o

1.2.5 4K cDNA '8 B4 30 AQP3
By B Bep A, 4ot RACE 4 S 451
Y., #% B SMARTer RACE ¢cDNA Amplification
Kit $t ] & st ] T RACE 9 ¢DNA, 4&J5 HI
Advantage 2 PCR Kit #17 PCR §/ 3 . /=4 £:4)
H e sl 4k, % 4 e Ak, O PCR Ok I
T .

1.2.6 JF8r#r 545K E ] ORF (open
reading frame ) finder 4% 4 ( http://www. ncbi.
nlm. nih. gov/gorf/orfig. cgi) 5 ¥ I i %) 152 4E 5
A BLAST ( http://www. ncbi. nlm. nih. gov/
Blast. cgi) \Clustal W 25 £ £ 47 5 51 #4562 31E |
B S EAHRIE A s ) MEGA 5. 0 A5 # NJ
FG gt AW B AE 2B MF hup://web.
org/protparam/ 43 A H B b ¥ Ji;
http . //www. ch. embnet. org/software/TMPRED _
form. html 0 # 5 X ; http://www. cbs. dtu.
dk/services/SignalP/Fi M {5 5 JK; httpg.//
www. predictprotein. org/Fi | & B T Ay —
45t

expasy.

Emsly

Table 1 Primers used for AQP3 cDNA cloning, RACE and qRT-PCR
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1.2.7  SCEp 206 E & PCR O AR 46 45 1Y
AQP3 cDNA JF4I, Bituc i & PCR 1519,
FHIT NS EEH B-actin 175 1 PCR 514,
LASRAIZUE RNA(HE O 500 g/L) it ,
PrimeScript RT reagent Kit With gDNA J %5 5% i
cDNA, ] RNase free ddH,0 5 4~ 3 {545 & #
B, £ 3 MHEKE, 28 SYBR ® Premix Ex
Taq Ui W1 450047 LA 20 E B PCR 9717, 9744
P H:95%C 30 s; 95C 55, 60C 30 s, 39 4>
3R 95°C 10 s, 65 ~95C ¥ fift . M4 45 5
Y IGIR AR, E AR RN 2 T R
# 4T 100% .

WA B & A R RNA ¥k B AR
500 g¢/L, FH PrimeScript RT reagent Kit With
gDNA Eraser ¥ £ 20 21 & RNA J %5 5% i, cDNA
Bt , SR ] SYBR ® Premix Ex Taq #£17%¢
JGRE B RO, PR S bR e R TS AR
R o S5 SR 2700 ok X AS ] 4 40 3k
AT AT

2 iR Er

2.1 #FFIE& AQP3 cDNA F35| LIgH¥
PR S RNA it , ¥4 PF 15 2 AQP3
cDNA 2K 7], Hh4ii%X 912 bp, Zift 303
AR IR, 57 HE G A5 IXORT 37 3E 4 5 X 4 1
98 bp #1 884 bp ( GenBank % 3 5.
KF536030. 1) (K1),

2.2 #FEFEE AQPI REBRFIIEIFEMR
Rt BLAST [d J5 [k xf, g* % B9k
AQP3 H M P 5 5 = R It w ¥ 4
(BAD20708.1) ¥ B4 (0. niloticus, XP-
003456113. 1) . B & ‘& 1 1 ( Maylandia zebra,
XP-004544455. 1) . H A< &8 figj ( BAH89253.1) |
Wi 65 fij ( CAC85286. 1) Bt I 4 ( Danio rerio,
NP-998633.1) . /N K& B ( Mus musculus, NP-
057898.2) 44 2F ( Ovis aries, AAF14366.1) . A
25 (Homo sapiens, NP-004916. 1) f) [a] J5 4 43 51
N 94% .93% . 93% . T5% .T4% ,13% . 65% |
64% 64% (&1 2). B8 P AQP3 IR

Fe A Al A: M1 Y AQP3 Z EE IR 74—, #
LA Kl 18 8 R0 R IR E A, R
NPA (R 4 Wt Jic- il 2 B2 - 2 2 ) ( Verkman et
al. 2000) ,

FIFEL A o3 B, B% % B R AQP3 A
o7 iR 32 997.5, BB HL Al 8. 69,
R MR 0.507 7 5 Bk 10 45 2R R
N Ui i 27 A A5 55 IK. 38 BRE DX 0 25 4L,
IRAFAE 6 ISR IX, B AL G043 30l o 29 ~ 45,
54 ~77 105 ~ 124 (160 ~ 178 192 ~209 242 ~
262( & 3) . B4 i I & AFAE 4 N
Ui B A 1 AN HE R C O R Ak 7 A3
AT AR B 1 W IR AL AL AT 6 S N i B L Ak
B ARG S . A7 AEER, (2
ANHETE B, — i

JH Clustal X R FXF AQP3 & 3% v 51 it 41

ZF X, MEGA 5.0 # 2 AQP3 NJ &% i1k
PR 4) o IWEHETLLE H, 280 7 8l —
X, Hrp, PR P MR P P AR M HE I
wHAEA WL EmaR N X, REH5HR
b i 2R — 3. MR BRSO R 5 HAL S
IR AL — B,
2.3 AEABETEFTIEE AQP3 EEKA
MiEFTRIEE  FIH RT-PCR I T R[5 £
AT BEP P AR A 441 AQP3 mRNA #)
AHXS A B, AQP3 mRNA 72 4 2Uh B f %
K(EIS) . 0FRE T, AQP3 mRNA 7 Jz ik (8 |
LA A i 3R 56 i 10 25 T A 4 2L 15 $h
T AQP3 mRNA 4121 3% 3K FRAF A1 0 £k 2 AH AL,
A5 LA R Bk (B8 LR A 3R Gk R A s T 30 ER E
T, BiEhRAER S, BT UE MR
B E R THMAL, FhELER&E. N
AR BT, B* % % 4k 45 4141 AQP3 mRNA #H
XpFB A EHBA - MERE LT, B
T CHT 5 W) 5 AR R 2k K OF 7E R AR
(30 #h 7)) 20 E o H Kk (8 NLAH A
HYAE XS IR RFFLE T %, 0 FhE YRk &2 30
HERIRER LA HAbHRRREKILE
i, BRI R
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E1 #EFTIEHE AQP3 EFE cDNA FIHFMESIEERF T
Fig.1 c¢DNA and deduced amino acid sequence of Sarotherodon melanothern AQP3 gene
TRILREIEHEN T « REILEG T KIKMAR Poy(A) BB RE PR S M3 EHRBX,

The start codon ATG is underlined; the stop codon is indicated by an asterisk; the ploy A signal is shaded in gray; the

uppercase indicates 5’ and 3’ untranslated regions.
N \
3 9 #®

ARWF5EiE L RACE 0K ok 1 =% B Al fa
KB IE 1 AQP3 42K cDNA JF 41, Hife &
(Y S LR 7 51 rh B A KGE I 2 2 B R AE P
B B2 A4~ NPA J 8] (R A Tt i -l 24 R - N &
M) . AR R, 1% cDNA P51 555 1
s AR AQP3 ¢cDNA Jy 5l iz g M B, & HE TR

IR IE Rk 94% o RGEHAK R BN, BB %
e[S RS YER P 2R IS5 (NS Y s AU SR AN T2
it e BN —3 . L, W2 HINIZ cDNA JF
H Jg 5 B AR K AQP3,

POt PCR 45 R i o, AR EE
FEEP PR AQP3 mRNA FE 45 A1 41 47 3%
K, 015 FREET, 8RR LD AR XS R IA B
THA 2L, 30 £h B JE i i K8 AR .
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B2 Hiz AQP3 S EMFIIZSEX L

Fig.2 Multiple sequences alignment of AQP3 amino acid in vertebrates

TRIEHS A3 A 5 Bk 5 7 HE X 7R K G 38 28 1 R BRARAE TR ST 410 NPA 5« "R B s B R 58 & — 3 27 /s B v s 2 0
FRARST 5 . 7 R A i R R AN AR A

Signal peptide is shaded in gray; motif sequences NPA of AQPs family are in squared. The identical amino aicds are indicated

with asterisks. Conserved amino acids residues are denoted with colons. Non-similar amino acids are indicated with periods.
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B3 BFFFEEAQPIEARERK

Fig. 3 The transmembrane graphics of AQP3 protein of Sarotherodon melanothern

i-> o 7R BS 7 1l A R Ab 5 0- > 0 7 B IRy il el A1 Tl 9

i- > o indicates transmembrane orientation is from inside to outside; o-> i indicates transmembrane orientation is from

outside to inside.

B 4B R B o, SRR WL AQP3
mRNA K& W T K, 18 78 30 £h B %k
WEEA AREEERE T, BR8P AEM
AQP3 mRNA [y F 2RI H L e H Rk A8 L
sl K LN EA NS5 T AR W3S
P (HEZKAE R oK AEHT) o

SR A R S A R Y I g
B, RARN SN R IEAT B K AL e &
VYT, WP LI, YA T A B T e,
Wi P 68 i ( Maclver et al. 2009 ) . H 7 fi&
(Cutler et al. 2007 ) , K P4 ¥ & £ ( Jung et al.
2012) . Bk P R &5 ( Giffard-Mena et al. 2007,
2008 ) 4568 AQP3 mRNA 3% 3k i 25 % I b T B
B MHHT R BIAR TR o flan, 57K BR o 68
g3 VT K JR, AQP3 mRNA ik B H A IR K
(9 3% , i H s 68 i 3% 3k B AURE AR 40%  (Lignot
et al. 2002, Cutler et al. 2007 )., t4G I/ f
K AQP3 mRNA A KPR FF A A2 50
FIRG, WK GE N JE Y 5L L s B R o i

AQP3 mRNA 3 ik & MR 7K — 2 ( Watanabe et
al. 2005) ; £L KBRS £ ( Oncorhynchus nerka ) 4j]
i IR K e A TE 7K 5, AQP3 mRNA 3k & 1
J(Choi et al. 2013), g nl W, 75 3F 585 &
G, AR L T AQP3 N 2 S i 5 A B
YERDIEA —%2, G T AQP3 ik i fEIR K
KRR THEK IS, A5 HEW AQP3 1)
1 FH AT g 2 38 5 e 7K R 18 1 40 A FR S R
Mo TEMRK ZF T, 88 b KX oK 09 38 32 7k
(Kammerer et al. 2010), K& /K3 #H AEN,
8 1 B 4 ML AQP3 wl g by 240 i T 3 2E A A 7K K
FENCONHE s, B0k bR 20 MR R R 2, Gk B A
TR B % (Cutler et al. 2001) 5 7K 4%
PR, BTERA FHEK L E, 6 AQP3 £
KA IR . WA NN, AQP3 AT fE &
3 3 U T A PR R R ke 1 4 e 4 i
K FH (Maclver et al. 2009, Jung et al. 2012),
ABFFEH, BEP B AE A AQP3 mRNA 33k &
120 $hJE T fem, BEAE R E B JHm 5K R B,
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B4 BH#HY AQP3 R4t L
Fig. 4 Phylogenetic tree based on AQP3 amino acids sequences of vertebrates
PR ROR AL bR 5 MBI BE R SEALBE B s W B FR BRI .

0. 05 indicates genetic scale; Branch length indicates evolutionary distance; and bootstrap supporting values are shown

at branch nodes.

30 FhEEANXS Fak AR Ik, 33 M RR U 68 g | FA
8% g A G P B | OO AR B 45 £ ) S G 25 R AR
Lo BEX B AR A, FEIRK Bk
AT, i T REKDEARNTEBEER
KA, NI, 75 2R AR N 2 Kk 2 HiE A S
8 AQP3 mRNA = 7K - 3R 3k 5 7K 7K 734k
AR R BB sehh, BBk LI AQP3
FIRRHAE R It 5 8 AR AL, A I
I, EBROK SR IR, 4R RN

BV, 5% AR A o R DL A
LUk SR KA -

TEIE IV (e 6 BE BRBE Iy, 7 3h R A R 0 2K —
F 38 5 3 PR B K 3 R R AMA N 35 38 R
Ko BEEFMIRAKHENEEKE, BE B piEE
SRS AR AR T KM I B, 32 A0 B AR b 1
BiERS MK SIS EZ MR, ks iERE
ST T B i TR KN, 3 T iR
WK 43 ( Cutler et al. 2000, Ando et al. 2003,
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ES FAEEETHFESFELEHRA AQP3 mRNA I RKE

Fig. 5 Relative expression of AQP3 mRNA in different tissues of Sarotherodon melanothern

under different salinities

Kim et al. 2008) , AffF5er, g% % % k7 iE
AQP3 mRNA Rik & 7E 15 #h B 5 AR .30 #h
hiE, UWEWERNENEF., HiE AQP3
mRNA K3k 5 A8 1k 5 50 5 L 50 B Al i FLED KRR
04 o1 [ 35 B AH L ( Watanabe et al. 2005, Choi et
al. 2013) . BFFERMY, J7EhME s, qnRRM 68
fiffi ( Martinez et al. 2005) . KR ¥ J& % ( Giffard-
Mena et al. 2007, 2008 ) . £ K Jff M4 1 25 39F A W
ARG, W T K B 2 R A B e T N
K 43 Wz i ( Cutler et al. 2007, Choi et al.
2013) o 2BJFIK (10 ~ 15 Fh ) J& % R 0 1 i 55
BWE, fEESEBHRERE PR, HTBEE
A, B IE K RS S R RO 2
WS AR, FTLL 15 SR RN e 8 B R0l
i AQP3 mRNA FikH k. 0 SR ™, I7iE
AQP3 mRNA Rk 15 $hEEw, EHE MK E
FUF, HEREKANZ XK, BiESS
RNER 5> K o HEM 5 2 s fE . 76 30 FE R,
ZEB i, RNBERK, TR

i o g T WK R Y K G 2 R B O A
I, 7830 #REE T i b AQP3 mRNA (R iA &
., HIEmREAEHT i s e, B e
W, SEERBE AT, P P AEaBE R
— A FEAE WK, WKAE ] 2 T B
i ok SR, H 32 BG4 2 S5 M o

2 £ x M
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