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W3 RS AT R A, FEAT K S Na ™ (K™ k&
(I 7 (B Na™ /K" -ATPase T P 00 7 | e i
SOD {if % A1 MDA & & & LA &2 Na*/H*
antiporter 3£ K f1 V-ATPase %t [K] 75 il 20 25 Hp ) =
R E o
1.2.2 kL Na™ (K™ B8 i

TES U RO i A Il itk 2, B 1 1.5 mL 2§
L, 100 L I 3k B A 900 pL JE7K &
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VSR MR L . SO L Mk A 450
L LV P AR, 78 /MR A IR & (25 C
Ze47) ,8 000 r/min, 2.0 10 min , B35 185 0 11
PRURIE . e BRZ R 5 i A e B G ) 3 700 0 R o
e P AG I 1K) A U B A (JE s R E R
AR ) AT 45 WEAE W8 5 Mk Na ™ (K™ 9
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1.2.3 fifl Na* /K" -ATPase 15 1AM E

BRZH ZURE dh 21 9%, 8 000 x g, 4 C B> 10
min , JEVEIR % IR 3K G Na* /K" -ATPase T4
R a0 G UL A5 R (U AT 2R R IR A
w) HLE /NI e HAUE E P Na® /K" -
ATPase 43fi# ATP p=4: 1 pwmol JoHLBEAY &K 1 4
Bt 1 B
1.2.4  JHFJEERR SOD {fHEAT MDA & 4 (1)l
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min, BT, % R 35 SOD I P Al MDA 5
R a0 & U B A AR (U R FERHCA IR A
Al o
1.2.5 Na'/H" antiporter FE[K Fl1 V-ATPase FE[H
2RIk

Trizol {2 4 B 2 21 &4 RNA, fifi Ji TaKaRa
Prime Script"" reagent Kit 2 %% 3%, ¢cDNA, =¥ T
=20 CykFPHFRH, Na*/H" antiporter
K F V-ATPase J [K ¥ 41 ok 1 T 4 W5 % 5 24 3C
7% #) F Primer Premier 5. 0 #41%3+5|4 Na*/
H" antiporter-F F1 Na'/H"
ATPase-F F1 V-ATPase-R, % H ¢cDNA 1.6 pL.2 x
SYBR Premix Ex Tag™ (TaKaRa, H 7<) 10 uL. %
514 0.8 wl (10 wmol/L) F1 ddH,0 6.8 plL,
SEFIEAAE R PCR 2 R4 R I 2 LA b
BT
1.3 HiEALE

SCIGHCYRAT FH IBM SPSS Statistics 26 E47 XX
IR J5 22 73 Bt (Two-Way ANOVA) , 27 B . 2
SEHAEHT, I e 1A PR R AR B 3R O 22
Hr(One-Way ANOVA) , 2 H LU %5 47 4% 2H 18] )
RPN 22 R WA S, DL P <0.05 25 55
2. f#iF SIGMAPLOT 12. 3 #4-4EH .

antiporter-R | V-

x1 ZBETRAMSIMERFS

Tab.1 Primers and the sequences used in the experiment

5|4 Primer 5¥%1](5'-3") Primer sequence(5'-3") JHi& Usage
Na*/H* antiporter-F GCTACGGTCTCAACAAAG qRT-PCR
Na*/H™ antiporter-R CCAGTGACAGTTCCATAGACGA qRT-PCR
V-ATPase-F TACCTACGAATCTTGCCCC qRT-PCR
V-ATPase-R ACGGGGATGATGTTACGC qRT-PCR
18S-F TCGGTTCTATTGCGTTGGTTTT B
18S-R CAGTTGGCATCGTTTATGGTCA NZ
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XUERIZE 7 2 43 A 86 B8 R B8 X 44 58 1 ok 28
K™ YR BE (520, 45 5 57 , %% 32 Ak B ) 45 0% 1.
W KA B WER (P >0.05) , %E
—E I, AR 2 W) 22 57 W, A 4 (X IR

18
16 =
—vC
~
S 12
i 5
S 10
Moo
5 8
6
4
2

0 6 12 24 48 72
Ff1E] Time/h
(a)

41) F1 C 4RI bk B K R B IR 244 TR
B 411 D 4 i bk L K v B S A T v R A E
512 NBE R R IR TR,
A, A4 CAH . BHMDHZE TR EER
(P>0.05), 7E72 h if,B 41 K* ¥R F b A 414
T 155.9% ,D 4 C 413800 7 133.8% . LA
1(a),

450
—-—A
400 ¢
——-D

350

300

250

Na ¥k
Na* level/ (mmol/L)

200} %

150 0 6 12 24 48 72

Ff1E Time/h
(b)

MIFNG PR IE S A B3 (P >0.05) , REVNG FHERR I 5 8.3 (P <0.05) ;A(60 Rr/m* #5 20) \B(60 Ki/m* FhJF 30) |

C(120 K/m* FHHE 20) \D(120 Ki/m* FHJE 30) .

Values marked with the same lowercase letter mean no significant difference (P >0.05) , while with different lowercase letter mean significant

difference (P <0.05) ; A (60 individuals/m? | salinity 20) , B (60 individuals/m? , salinity 30) , C (120 individuals/m? , salinity 20) , D

(120 individuals/m? , salinity 30).

1 AEZBEMHEXL4IEMME K KEF Na* iR EH#0E
Fig.1 Effects of different density and salinity on K* and Na™ levels in hemolymph of S. constricta

XUIR 28 7 28 43 A 8 Rk B T 44 W9 i bk 21
Na ™ Y& JE (520, 25 5L S8 7 | 280 3 Rk 88 %o 455 0% 1
WREL Na " Wk B2 o E 2 HARH (P >0.05) o
—E W, AN LB 2 R 25 7 0, A A (X R
2H) 1 C 2 % W98 1 Il 9k B Na ™ ¥R B2 4R 24 4k 1
F,B 2 D 41 RY Na ™ ¥ B 52 3 W T i 19 34,
TESS 24 /N Ik B o, IR Bl e B W TR e .
R i), [ ER A 30 PR3N, B 41 Na ™ Wk FiE
T DA, $hEE 20 BT, A 41 C 4
Ze5. TET2 h B, B 24 Na” WRELLL A 3G m T
96.1% ,D 4Lk C 3G 7 69.1% . WLE 1(b),
2.2 HEMBEILME Na' /K -ATPase F1H7]
ST

DI A 41X HEZ  Na® /K " -ATPase & 14221k
TE B 21 D A AT RS T R, HAHE
24 h KB KAE, 1 AE C 4l b IR T [
(B 2Ca) ] o BURZ 7 2250t 4 R s« % B
EREEXT Na* /K -ATPase JE P IS4 7E 12 h 124

h HA 3 1) 22 B0 (P <0.05) ; SOD 1 14 1
MDA &2 fb7E B 41.C 41 .D A h ¥k 2 8
SeTtE I T R S £RBE 20 FR5ETR, B 4 SOD
TEPERN MDA &34 0 25 T A 41, A+ FE 30
WEET,C 4R D 441 MDA & Jo i % 2= = [ Kl
2(b) ((e) ]o WHER T Z MR Wos, %
EREE X SOD JEPEFT MDA &5 545 #5525 (1938 B A%
M (P<0.01),
2.3 2840 Na*/H" antiporter & [E 1 V-
ATPase EERIEEWL

KoL 2H Na®/H™ antiporter 3[R 18 23K 7F
PEERAZ 6 h B T XA A A (P <
0.05) ,F 5 & w1 3 (a) ], 76 72 h IR AE
20 /1 C 41 (A ZHZ [ FER B2 30 1Y B 4 .D 2 [A]
ToRFHEZER (P >0.05), V-ATPase 5 [H 1) 3Kk
TEA SR AR 2T e TR g%, B 4l.C
24 .D ZH V-ATPase FE:[H 3Rk 51 24 h 5 5%
w3 (b) ], 7EMF % B 264 T, B 41 V-ATPase
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(P<0.05), MPHET7 23 Hrai R R, wEM

FhEEXT Na®/H™ antiporter J£[K F1 V-ATPase 3£ [H
R4 1025 1 28 B (P <0.05)

g 10; 70
E 3 = 1 =i
o) — 1 2 60 “ = C
E 8 I =D 2 2 D
#HS g b
\-}E< . s 90
S > b £
us 6f #Hs
g a , 23 g ., a
<o a a a 834
L9 4 ap |l &5 ] EE B
Se b e d d afll’
2 b b d 8
= L
T 2 8
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S 0
6 12 24 48 T2 6 12 24 48 72
B} a] Time/h Ff1E Time/h
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25
a - A
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|
= 20 —D
£
—
e 15 =i
4 as ad
g% L b? i
E 10 b c cb b b
<
g . ‘
0
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(c)

MR NG FRARZR A RE (P >0.05) , AR/NGFRAKRZEF B F (P <0.05) * KRB EAEEFELFRLEAEMN. A
(60 Ki/m® # 1 20) \B(60 Ki/m® #LJE 30) \C(120 Ki/m? FhHE 20) \D(120 Ki/m? FhJE 30)

Values marked with the same lowercase letter mean no significant difference (P >0.05) , while with different lowercase letter mean significant

difference (P <0.05). #* indicates significant interaction. A (60 individuals/m?, salinity 20), B (60 individuals/m? , salinity 30), C

(120 individuals/m?, salinity 20), D (120 individuals/m? salinity 30).
2 AEZEEMHEILZEE Na*/K* -ATPase i& 1%, SOD &1 MDA & /50
Fig.2 Effects of different density and salinity on Na*/K* -ATPase,
SOD activity and MDA level in gill of S. constricta
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V-ATPasef: R RA R

N =%
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-
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—
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) 15
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©
— 5 [
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/] Time/h
(b)

MR NG FRFIRZRALE (P >0.05) , AR/NGFRIIRERLF (P <0.05), * RRBWEMBEAFAELFRLEMAM. A
(60 Ki/m?® HJE 20) \B(60 Ki/m® FLJE 30) \C(120 Ki/m® FLHE 20) \D(120 Ki/m? FhJHE 30) o

Values marked with the same lowercase letter mean no significant difference (P > 0. 05), while with different lowercase letters mean

significant difference (P <0.05). * indicates significant interaction. A (60 individuals/m?, salinity 20) , B (60 individuals/m? , salinity
30), C (120 individuals/m?, salinity 20), D (120 individuals/m?, salinity 30).
3 ARZEMEETHIEEEH Na*/H™ antiporter EF 1 V-ATPase EF I FTIX
Fig.3 Expression of Na*/H™ antiporter gene and V-ATPase gene in gill at different salinity and density
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BB R E AR AR, ST
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AT A KA E R . Na® /K™ -ATPase
ST TR IS, B A AR R ) —
ity , 75 65 45 2] 1 6 1z 21 b A iR s 1 R 3k UK
S G AT R T O AR L A
JERT, i Na*/K* -ATPase 7&K, 8 Na* /K" -
ATPase { P4 1115 15 8 15 fE B2 A0 H5 455 o
TEAMEE o, FRE 30 41 Na* /K" -ATPase 357k i
Fm THE 20 4, X5 LGN X IR AR i fE
LGSR KM, AN, FEERIE 20 3RBEH ,
2 Na* /K" -ATPase 3 PE g 35 5 AU B4, H
R R T7 225 B8 R R  FEFR B 9878 12 h 1 24
h %5 5 F1EE B XF Na* /K" -ATPase 1% 14 24 HAE
O 0 0 LA AT B K
WO RO IO RF @ W i f ( Eleginops
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AKIFSE A B o 2 A oy B 4y e 1 | R 4 1%
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it BRI, UEH 4 BE 3R 5] 120 K/ m® B X 45 19 7 A=
THHHE W 3a, IF Ho A ER BE X SOD (i 4
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U 7 o 2 5 0 1 R B AU 3R 5 i T 23 | kS 4
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Fhest . Rl XHEF ( Litopenaeus vannamei) 1€
R MRA T AT R AR, T-SOD 1 CAT i
BRI TH e 2 S B S T e R A 3
3.3 EZEMELEIT Na*/H" antiporter E & 0
V-ATPase £ F &% K550

Na®/H™ antiporter J&— P& 38 7775 1Y 15 L E
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SR FIRAE IR EE 578 I TG E T, ml A 6 B
LS R R N A R TR SR N R
FPES ¥ W AR XS 5 %€, Na™ /H™ antiporter FI V-
ATPase FEPH Rk st B 87 MR IJFRE BEEE, X
5 =0 718 ( Portunus trituberculatus ) 168 5 28
AkJ5 Na®/H" antiporter 1 V-ATPase F& K ik
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ATPase . SOD % . MDA /K ¥ DL & Na*/H*
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Effects of high density and high salinity on osmotic regulation and
antioxidant level of Sinonovacula constricta

TAO Liang', WANG Yizhen', CHEN Yukuan', CHEN Yihua', NIU Donghong'~

(1. Shanghai Collaborative Innovation Center for Cultivating Elite Breeds and Green-culture of Aquaculture Animals, Shanghai
201306, China; 2. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources,
201306, China)
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Ministry of Education, Shanghai Ocean University, Shanghat

Abstract: In the present research, the effects of density (60 and 120 individuals /m”) and salinity (20 and
30) are examined on osmotic regulation and antioxidant responses of Sinonovacula consiricta. The experiment
lasted 72 hours. The concentration of Na™ and K™ in the hemolymph , the activity of SOD and MDA in liver,
the activity of Na* /K" -ATPase, and the expression of Na*/H" antiporter and V-ATPase genes in gill were
measured. The results showed that density and salinity had no significant interaction on Na® and K*
concentration of the hemolymph. Na™ and K* concentrations in high-salinity group were significantly higher
than those in control group. The effects of density and salinity on Na*/K"-ATPase activity had significant
interaction at 12 h and 24 h. Na®/K"*-ATPase activity in high-salinity group and high-density group was
significantly higher than that in control group. SOD activity and MDA content in all experimental groups were
significantly higher than those in control group, and density and salinity had significant interaction on SOD
activity and MDA content. The expression of Na*/H ™ antiporter and V-ATPase genes in high-salinity group
and high-density groups were significantly higher than those in control group. Therefore, high density and
salinity performed significant interactive effect on osmotic regulation and antioxidant level of S. constricta. The
results provided a theoretical reference for further exploring the response mechanism of marine shellfish to
density and salinity.

Key words: Sinonovacula constricta; density; salinity; ion concentration; antioxidant level ; osmotic regulation
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