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822 NKA o W) mRNA ki | #l G 1E &
LT B 5~ YR B FE 388 T, NG ) B2 ) B v A2 65
AU i o R R 1 1 A AL, B
75 s A 1 AL 49F 5 B P R A B R

IR ik

1.1 SBHH5ET

S HIvh AR g N TFRGEIY 17 ik 4 71y
K (82.00 £8.36) cm, FEI{AJF 24 (4 000. 02
+87.43) g, FHAKM B (27 £1) T, HHN
(7.1+0.2) mg/L,pH 7.2 £0.3, 8 KK
12 h, SEEGZS 4% W €0 8 A TR 3 58 MK Al B AR
2.75 m, 0.8 m, K E 0.40 m, /iR A —
HETS KA oK 11 Fh B 10 BUR 7Ky 48 0K TS
P 5k ¢ KDF ( Kinetic Degradati on Fluxi on) 33 I
(RF <0.01 mg/L) i H AR IK 5 MK %A N L
B MC B, R 7Ky 28 b i& KDF 3381 3 KK . Rlzol
IXFI Wy A Invitrogen 2 &), RNAstore ¥ i 47 £,
PrimerScript™ 1™ Strand ¢cDNA Synthesis kit, Tagq
it 2 Tl st 0 &, K AT 1 DHS o, SYBR® Premix
Ex Tag™ ,pMD-20 # (K% || TaKaRa /&, #
i ATP FE IR &, 25 5 7 w5 A 1 I 0] &
RS 5 A R A IR A

T B B A S B A 4% 1 A4S, % IR ik
K, SEE A A AR 10, BEALRE IR K R R 2 JE
TRt 2 4% T R 20 B AR IRAL AT S A, 57
FH 96 h, LIRS, v e 3,6,12,24 48,72
196 h X B AL g 4 b & S R rh AR s T Ak
UG R HORE Wk R O B 22
1/8 ~1/6 K, Fl DEPC /K i T ¥t )5 13 A T A
R, IR E T -80 CLRAFA& M 5 mL — )
TG T T S 5 15 8 6 T 7 R kA I, R 1l R TE A
LR R L EIRACE 0.5 h, fR ML iE 0 B s,
Eppendorf 5810R & .0» #L 43 & (2 000 r/min, 10
min) LY , 73 & 9 1035 23 ] 8 ] DST-905 i, fi
J& 4 #r A 1 VAPRO 5520 3 % JE [ ( Wescor,
Logan, UT) # 47 IMLVE &5 ¥ F1E 2 H A I .
1.2 NKA o TTEHFRSEEF 55k E

RNA & B A= B4 % JH TRIzol it 7] & $2
BURT A FE & (9 % RNA, A ## PrimerScript™ 1
Strand ¢cDNA Synthesis kit ¢t B 3E 47 ) 5% 5515 3|
55— % cDNA i,

NKA o« T35 /75 5 3% 4 NCBI

B & KWV (Salmo salar ), 4T fif
( Oncorhynchus nerka) , A\ ( Humo sapiens) , |4 E.%
(' Carcharhinidae H B f %
( Squalusacanthias linnaeus) , XV WL % ( Torpedo
californica) Z£ %) #p i) NKA o W % 2 [H i) mRNA
Fe 0, AT e A0 0 e BT 519, B iES I F, AL
T2 330 bp &b, FFSIY R, £ T2 960 bpht, 5| ¥
FRWE 1, W1 pL bR S 5™ ) (cDNA i
) R F, AR, #EATHEE PCR 9717, S 45
g 94 CHiAE 3 min, 1 AMEHR,94 T 30 s, 3B kR
BERGRE K 50.2 C.51.6 °C,52.7 °C .54 C,56.8
€,59.2 C,72 C 45 s, 330 AMFFR,72 CHEH 10
min, 5E]H) H AR B2 1% 158 I EE B HL Ik A
B, i 455] pMD-20 A L, 3 Al L EE S K )
FFB H CEARSE B0 45 98 2 I8 52 2 9 23 W] PMD® 20-
T Vector YiH]45) 2624w FF

leucas ) ,

®1 PCRHESIMEHEFT
Tab.1 The primers of PCR

EILZE

FEA imer 5191751

sample pname primer sequence

rh Ak - 5'-GCTGTGAWGGTGAYGGTGTGAA-
Acipenser TGACTCTCC-3

sinensis R-1 5’-GTCGTARCACYAYCACGTCACCC-

GRCTG-3'
Z-F 5"-ATGTCACTTTCTGCTCCT-3’
Z-R 5'-TGTTGCTATGGGTATTTC-3’
LN ZE B-actin-F 5'-TCCGTGACATCAAGGAGAAGC-3’
reference

internal  B-actin-R  5'-TACCGCAAGATTCCATACCC-3’

1.3 RT-PCR # il NKA o« L& mRNA § R iE
MR AL Y e B 2 AR 7 NKA o JEBERY L
7%, Fl Primer Premier 5.0 #{f 1% if RT-PCR 3t
WAE e B9 Z-F, Z-R, Ll & B-actin | F
#5149 B-actin-F ,B-actin-R, 51 Y ¥ 5] WK 1, FIH]
XG4T RT-PCR £ 1] mRNA [455, 2
WA I B] fUFE 5 EL RNA 5% 5745 31 cDNA (#:4F
A BRI G &S 41 27 B BRM) ) . PCR J
MR Z A 20 wL(2 pL ¢cDNA,50 nmol/L RT-PCR
ERUSIY(Z-FZR) G W, NS L5
B-actin-F ,B-actin-R Fl 10 uL 2 x SYBR Green RT-
PCR premixture) , W 25441 F:95 € 2 min, 1
AEER.95 °C 15 5,60 C 30 5,30 FEH.4 T3
ffo LA B-actin fF 2 S5 5 N 2, i il ABL 4 ¥
StepOnePlus Real-Time PCR System #f 17 % 't &
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o EAREE NS B 9 1 508 #42%E 100% H
A EL (R R0 A 25 1E 5% LAIN o AR 3 R 36 58 40 Bt
W3k R BV (A (1 2729k
1.4 NKA BgiFg

TEVKIR 2 0F N BY iR 8 22, 1 TY92-1T 3 7 I 4
JH A5 PR AIL A7 240 A e (75 IR ] 3 s, (] B2 B[] 10
S, TAEWREL 13 R) , 51 %A 4 T F 3 500 r/min
250 10 min, B EIE AT E BEEE DI E ATP Jil IS 1,
A 2 B 0 & e . DL /N
i 20 2185 1 b ATPase /3 fi ATP /1 1 mol {4
1A~ ATP [T /1 5147 [ wmol P/(mg - h) |,
1.5 HEHH

A S B0 K4 SR ) SPSS 16. 0 G i 3k 44 4k 2
3T, R 5 22 43 B K 3 S 95 20 R0 6 BR 21 v O [
I TF] 50 K4l 2 25 M 22 5, 1] Duncan 3 X 5040 9F
(NEZ iR
2 45

63 NKA o TEERNIBIZEBRRF T

38 3 PrimerScript™ 1* Strand cDNA Synthesis
kit 2] & G AR cDNA, # M 51¥) F, #1 R, it
1T PCR ¥ 1475 8| — 25 K 29 625 bp B FF 57 NKA
B 25, 5 RS U A R /AR ] (L 1)
2.2 hEEHMFE Na" , ClUIRERERSEENTHL

X HRZH B 7ok B2 o i F 84k (P >0.05) 5%

2.1

a0 ~6 h, S 2H P i 7 0 E S I (P >
0.05) , 5688 )5 12 ~ 96 h, AN [a] Ivf [A] i3 25 ¥ B A
BEEZAN IR FER(P>0.05), LEALE
)5 0 ~12 h,Na™ ,Cl™ ¥ 5 5300 AL AR LU g 3
THim 78 12 h kB iR K AH ; SCR A B B R AE 0 ~
24 h B3 EJH(P <0.05) , 35 5 fix K e )5 2 H FE
IR HF7E 48 h K BNEARME (& 2) .

Marker 1

625 bp

1 %83 NKA o IPEEF cDNA 4R
Marker. DL2000 4% F & #7 #f; 1. NKA o W 3 19 %5 4> cDNA
B
Fig.1 The amplification result of Na* ,K* -ATPase

«a-subunit gene cDNA sequence
Marker. DL2000 ladder; 1. cDNA fragment of Na®, K*-

ATPase a-subunit gene.

H eI/

post-transfer time

BRI /M

post-transfer time

D150 ¢ ~FW-SW ~ ~ ~
= S . —FW-SW 3007 FW-SW
il TR g Y g Mr
S50t AN , EZ135| 2= 2801
Bonsyl . L om0 .3 EZomnf
15} P 4 < =
¥ 2 : go1sl/ S Zo60f
g 130 W & 120 B 8 = 250 |
®Est w B US| @ 5 510
Z 810} 5 § 10 i 3
§r 2 g 2105 ] g 207
Eg 15 I TR T R TR SR B :’58100 I I I I I I L y 20 I I 1 L L L I I
0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96 0 12 24 36 48 60 72 84 96

BRI /M

post-transfer time

B2 et ESSiA (RKEBR K, FW-SW) fixt B4 (K KSR B %k, FW-FW)
AEIRE A Na* 0 CliREFRBBENTH
BEAME B CFE £ ArdER (n=5) , BSRREEEZER(P<0.05), FERERRL,

Fig.2 Time-course changes of concentration of[Na* ],[ Cl1~ Jand osmolality in Chinese sturgeon

transferred from FW to SW ( experimental group ) and from FW to FW ( control group)

All values are presented as means =+ SEM(n =5). Asterisk indicates significant differences( P <0.05). The same as the following.

2.3 ifs36842 NKA BBiETk

1696 h S5 ) i rpr, rp A2 NKA il 15 P22
R S5 Hr WL 3. 25 5% R, % BR AL v il 7
PR E 2R (P >0.05), LA, %%

J& 6 ~96 h, A [] HRF ] 5, A B35 1 -5 08 IR LA L B
ARFEZEF(P>0.05), 5% )5 12 h P ,NKA {f
PR ETF 76 12 h ik B s H (e )G 12 ~
96 h,NKA i 1 & 3 K&K, 7E 72 h NKA i 5 i
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%, 7E 72 ~96 h X T+, 500 G (E A0 Eb , 0 PR
BETE
10

=—FW-SW

Na*, K*-ATPy&#E/[umol P/
(mg-h)]
cK*-ATPase activity

W s U N 9 o O
T T T T T
b

1 1 1 1 1 1

0 12 24 36 48 60 72 84 96
R JE I I/

post-transfer time

3 AERBEREERA(KRKEZEEHRK,FW-SW) F1
MHRAE (RAFEBBRAK,FW-FW)
AL 6388 42 NKA JE R TH
Fig.3 Changes of NKA activity in gill epithelia of
the Chinese sturgeon from FW to
SW ( experimental group) and from

FW to FW ( control group)

2.4 38824 NKA o TTE mRNA B33 RIE

1E 96 h SZEG L B rp L8 B AL rp A [ B 7] A5
NKA o AR mRNA A% 235 J0 35 1 22 5+
(P>0.05), SZH 2 oA [N ) 5 A9 NKA o 31
B mRNA FH XS 3R 3K 5 0 B ZH A0 bE A7 7 B 35 22
2(P<0.05) (K 4), ¥#%)5 24 h § ,NKA o T
FEf) mRNA AR RIL B B2 ETF,1E 6 h ik 3] i
KAG G 2 #i />, 18 24 h B AR (E, H 5 90 4R
(EARLEA RF . 7E¥#8 )5 24 ~96 h NKA fy
mRNA SR K- Je 38 e Of R 7658 K-, 224k
HARZE(P>0.05),

1

X 8r

'HK)"QB 7F

BE 5 _

ESEE 07,

<SBB 5 H

Z‘Pﬂ‘“:

;x»\<‘f’4

E%ézj:‘

EHZT 3

2R 57 ,

A< z%

=V E @

<z<s I

Vi e
o 0 12 24 36 48 60 72 84 9%
Z B SR/

post-transfer time

B4 AEBEEFLGAFMIBHEPPEGERL
NKA o iFE mRNA X FEHETHL
Fig.4 Changes of relative mRNA abundance of
NKA a-subunit of the Chinese sturgeon from
FW to SW ( experimental group ) and from
FW to FW ( control group)

3 ihg

3.1 £HATR

rh A 4y 0T B A AR B T R R
MYEB#EE Na* , Cl™ ¥k B F i 22 NKA %P1 2
LTI, X5 Zhao 457 0 He 257 g WF 5¢ 45 5
SRS HAS SR b G PR I R R T
B EANS B R BT AR X R B 22 NKA
T 2 164 0 O i — 20 A 48 B vk B NS B T T
DA PR B AR AL
3.2 EMHMSFRATE

rhARED 4y IR K B 7% B Eh B 10 KAk
0~12 h Shyid W, I Br B SC e 20 b Na™ , C1™ ¥k
J&E S 375 JE AR T 5 9 38 B i KAE L, NKA o
mRNA 3k & i JF 78 6 h ik B g R,
NKA JGPEAE 12 h JHE B R fE . X i T7E 3
Biip % RSO I, — J5 6 22 MR 41 22 3 46
FERNH G W F 5 e i b i — RIS H
A5 5 15 08 2 40 i A% N, I 45 NKA o AR
mRNA K #3858, IF 3E— 20 B il NKA &
M, it NKA R 98 A R0 3 ok B 86 3 AT
By A e s R BER Oy Na™ JH' B
Tz T % Na® [95652 A6 S 32 5, 01 B T4
iz PR AL AR T S B A0 SR, DT i A48 i Y
SRR R E Ko I3 — 5 T, 78 I 3E N B B
(0 ~12 h) NKA 3G M Hl o W # mRNA 355 &
¥y G, H mRNA 25K & (%) 39 i 5 T 1l 1 1%
T ATRERR S NKA 3 P Y 35 hn 2 58 5 i R B
PR BRI ok S B, R BRI e G &
NKA mRNA (%5 5% F B, X A0 A
FRTE IS (8] A0 25 8] b Y 25 5 0l 1 NKA 36 P
mRNA ik 5 A8 AE I 8] B A — 2k, 1k,
MRIEA 6] 2EE BB 5T, NKA ()33 R 8 15 18 2 3
TR EIEAL G NKA o WA 4 RSt K (al
—4) 733N ala,alb,ale a3 H AN
ARSI NKA 36 P3G Ik ) e 2 6 22 NKA 5
T8 A A o B0 AE B OR35S T 1Y B R
47, Richards %" % B 7& T % ( Oncorhynchus
mykiss) \IR K 56 7% 2 K 10 K5, Hg 22 |-
NKA o W5 UFP A K (ala, alb,alc Fl a3)
oy A B 6 22 NKA T5 ¥ T i 22 16, JF H & Fh
SR AR R TR IR AR A 2 S R B X Na ™ K" 2 F
JIH Ak o [RREFE B &) £ ) 3L T mRNA 45
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A & B, mRNA i i B85 20 68 55 R 3 hn 4 i
PRI — BE AP T L], AT Bt NKA o AP
SRR (ala,alb) fl B I3 =35 Z M4 H
PR, AR ol b 7 TR K R s B 5 i
KFTHE, S ala AEIRK R P RS &
BEAR " o {Esp AR 4y f NKA o W22 75t 77 18
Z R SRR DL R IR A5 7R P B AR Al I i o S A
A Z 100 B A 7 S IR 2 2% FH ) 1) AR 46 ] AR
AT 2205
3.3 ARSMS FRTIE

rh AR 4y 0 5 B J 12 ~ 96 h Ry iR I, E L
W BB Mk B2 A S 0 R IR B A8 b, NKA 3 %
o LR mRNA L3k 5 5 B Bk 28 i %
Ry e B B B PR I 45 AR 0 3 ek e At R Y e 4% T A A
SRS ARG I o M AR PN 3 DN SRR R R g
R85 2% VI AH O , 5% A8 Ak Bof 858 22 20 B P ) AL A HE A
R P A D3 N BR B i L& B NKA
R mRNA L3k K 8N E o &5 5 325k
WIAER 995 355 e V-7 1 (] B 7 A BOasi 4 AR T, A
MR AL N NKA o W75 mRNA 35 5 Fll NKA
43 W iR [ ANTE R BB 355 e AR 5 Mk JRE 1
ARGE o LI W B it Y JS Y IS 1 AT mRNA
FEk AR T AR S, NKA LR R R 45 R 5
HATAMEME DR RIE . Sy Ah DR N A B AR A 1Y
P AL L — > 2 5 P U3 [6) 4 ] Y 2o 72, Mbaye
220 AR P i 2 B 2R % 3 £ ( Sarotherodon
melanotheron) il 22 |- Na® ;K" -ATPase la .3}, [H
R R R Y B 0l I, A M R C AL,
NADH [l & i 55 JE A 9 Z6 28 AH B OCHK , I Hoax 2 5L
P 8 5 3 B2 BB A G . A S50 A\ 2 7 /K F- il
B HKEIE AR 68 22 NKA o I 5B L
AR R WA T fif v AL 65 i 22 9% 375 55 AL
PR FE AR AL I 8 22 30 5+ G i mRNA #2555k
P NKA 5, 210 08 18 028 P, (B %
T rp i g2 NKA 3R Z5 4 D) 68 F 2+ Bl LA
Be NKA Ffi 24 28 ep H A il 25 11 22 18] 19 B [ 4 Tk
AR Tik—2u5.,

RS E ¢
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Preliminary studies on molecular mechanism of salinity regulation of Na ™ |

K *-ATPase a-subunit in gills of juvenile Chinese sturgeon( Acipenser sinensis)

FENG Su-ya'’, ZHAO Feng’, ZHUANG Ping’* , ZHANG Long-zhen’
(1. School of Biotechnology ,East China University of Science and Technology,Shanghai 200237 ,China;
2. Key Laboratory of East China Sea and Oceanic Fishery Resources Exploitation ,Ministry of Agriculture,
East China Sea Fisheries Research Institute ,Chinese Academy of Fishery Sciences,Shanghai 200090, China)

Abstract: In order to explore the molecular regulation mechanism of Na® K -ATPase ( NKA ) o-subunit in
gills of juvenile Chinese sturgeon at salinity 10, partial NKA «-subunit gene sequence was cloned, and the
abundance of a-subunit mRNA NKA activity,ion concentration and osmolality were examined at 3,6,12,
24,48,72,96 hours post-transfer. Results showed that:in experimental group ( fresh water-salinity water, FW-
SW) ,the expression of NKA «-subunit mRNA and NKA activity increased significantly ( P <0.05) during
the adaptation phase(0 —12 h) ,and the concentration of Na® ,Cl  and osmolality rose to a maximum level
at 12 h post-transfer. In regulatory phase (12 - 24 h) , the amounts of NKA «-subunit mRNA and NKA
activity fell to a relatively lower level which was still higher than that of fish in control group(P <0.05).
The change both in ion concentration and osmolality were in accordance with the change of NKA and mRNA
expression. In conclusion, gill Na®, K" -ATPase in Chinese sturgeon plays an important role in osmolality
regulation by changing o-subunit mRNA expression. The different a-subunit mRNA expression can lead to
the variation of enzyme activity which can further regulate the ion concentration and osmolality.
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