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BB R E(Ca) & M8 & T B 798 £, Na /K'-ATPase(NKA)JE £ DL R i itk B 89 & ot
A . BRET, BCAKE H2.5mmol/L. pHE N 7.5~9.58F, 25k #l4& 4 85 0y 77 76 3 8
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45 W (Sinonovacula constricta) {8 PRI 7. 1
YR, JBARKSYIT (Mollusca) . i il 20
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H (Veneroida)., 711 %l (Solenidae). %il% )&
(Sinonovacula), 523 55 PU KA 7 it fie e B TRE 7K
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1.1 SEIe#

S 6 FH A 2 IR 45 05 B Wi A M T =0
BRI B R A BR AR o SRAE M 45 158
KNFS), HrhSSc #4784 h(2.133+0.128) cm,
LSc V-3 K K (4.495+0.246) cm, TEZNZT A8
FRla, WEEER R A6, Bk {dt A TS S 0045
F R pHA CA ) 2 18 156

S2H0 FH 7K A IR 7K S T il R T A I R N T
WK, TR R IR iR B B 6 42 A4,
L, ARSI KRR N6, AR5 K IR
JEHIFE20~22 °C, 38 i W ITNaHCO5 3 75 7K
R B BR Eh B, pHAEL 0.1 mol/L HCIAI0.1 mol/L
NaOH#AT 75 .

12 WA

SCRS AL, FR S50 FH K B p HAE A0 R 3
B B 23 3% 3] 25 5, 1 C O, 1 45 1% AR T T 3 11 5%
Wil PR, a4 R 100% Al B 46 52 3 K 1 7 =
DI FrpHIER 2 . KRB (K41 em. 98
32cm. F10emERTEAE A, LRAKAEB N 2L,
SCUGH FNXT BRZH 2581134414, X REZH 23R
JE K61 N T HE K, XF48 hid B (1) 45 15 A A 77 0
R NKATG M AL EL R AT g . S
H LW 2% 31 45 % 19 72 gk T 5t 5 A R I A
S FI W BT A bR v
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Fle—: 2 AP HI LR EAF Cy. R FlpH
RN SRy oy SLE I CABE N 2.5
mmol/L[SZ M ¥ B 4 (3.74 £ 0.12) mmol/L], pH{H
BEEEH BTN, 400 hpHT.5. 8.0, 8.5, 9.0,
9.5, 10.0F110.5, X JELH 2 AN G i iR & 1) 45 &
RO N TgK, B pHAR B B 1134 AT 4 (5
230 HAMA) o 20 RLAS 114 45 198 [F] B A T2 S0 5K

FI = 2AMALELERFEpH. TR
CATF &9 & M it 5 B S5 4 v pHAE 334
FERE, 43 91°49.0. 9.5F110.0, > pHIEH:E T
AR E M E 1 Cp, [R] ISF I 8 C o 9 52 AL
o & pH R B T AS U itk P 1) 20 K% ik i 8 7
FE RO LA X BT (F 1), X HEZH RIS 55 21 1
B3 PAT, WA A0,

FE = KIAR LB ZpHA C o0 F A
18T 89NKAE M Fo fn bk € 5 A SHBUR.]
S TR 25 S BT 2 BOPE MR (L Cs) 3 M5 pH oA
9.5 B P BIU Ak PR ER BB, SCER IR E : pHI.5 Cy
0 mmol/L (Xf ##4]). pH9.5 C,12.37 mmol/L .
pH9.5 C, 20 mmol/LFpH9.5 C, 30 mmol/L, 7E %k
AL AT 3 FAT A (R4 30 HLSe M) . 4
WIZEALBRIS A0, 12, 2480 48 hitk A7 HUREAS il i
ZH AUNK AT P4 R0 LI O A W BE T o 0 his Bl ALK
BE 18 I 2 8 2 ZUNK AT P (n=9) A IfiL 94k B 75 I
R (n=9), A a] 5 AE 4L 55 B HL6 H 17
ZH ZINKATE P (n=3 ) F1 1L ik T A I 38 (n=3) I 5

14 #BRNE. HEREESH

KR M T 7 ik 52 56 1 1] >R FH AL
P TRORG S TR B T I 2 S 58 FH K pHAE 5 2R FH 3 Bk
R HR LA 2R B AR AR R A, 38 o R B R A

e,
B Rt AR R (%)= A
#0)x100%

FHIUIRE(LCs) 893t A RHIEZEN
T ELC)™, LALCso 1E N 2t Wi 4545

NKA 7 4 49 ) 2 FE & 4 Lok ) 3
i, AR FRER KRR RS 250 (2 500 r/min) 3R 75 41
ZURABW, REZ S ke & O & i,
NKAJE A 72 2K ] Whealty 25 2 5 3%, it
I 5 4 1 K2 071K 2R FINK AT 7 8% 2 A 1 40 ) 2
T AR 7 TP TS 4 ATPNa, B8 i Hh JC ML (Pi) 3 1) 22
T, I PR SR USR /N 22 5 B 1 1Y)
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Tab.1 Carbonate alkalinity setting for each acute pH series

pH 9.0 pH9.5 pH 10.0
CAH6Z /(mmol/L) SR /(mmol/L) CAH6 1 /(mmol/L) SR /(mmol/L) C A6 /(mmol/L) SR /(mmol/L)
gradient measured value gradient measured value gradient measured value
0 1.22 £0.08 0 1.38£0.04 0 1.84 £0.25
5 4.57+0.33 5 4.13+£0.06 1 2.97£0.20
15 14.47 +£0.42 10 10.66 + 0.57 3 4.16£0.11
20 19.70 £ 0.59 15 15.63 £ 0.58 5 4.74 +£0.32
30 30.20 £ 0.50 20 18.93+0.90 7 6.77+0.16
40 38.00 £ 0.85 30 26.28 +1.48 10 9.41+0.34
50 45.00 £ 0.93 40 38.51+0.54 13 11.96 +0.11
50 44.58 £1.82 15 14.10 £ 0.21
20 17.94 £ 0.41

T2 SR JC LI (umolPi/mgprot/hour) % 7/ .

AEEFE RIS mLo B RS R 40 0%
RO JEAST B P AL 9 £ o 8 SR 4 B4 ML 94K 2 40 pm
LR 20 L BR L 2UBORL,  ARAT 350 4 198 il bk
ELER o AF400 w5 B i AC10 nL 28 1/10% B 1Y
Fluorospheres“B P 2 R 2@ Y A ER (H A2 1 pm, 5
g, Invitrogen)fE B EE T E 1 hEY,
i FIBD C6 Plus(BD Biosciences’\ &) )i 2 21 il {X
HEAT PRS0 L 7 W 2 S IR B BB T RN BT o SR
FH 3 2K 40 S0 5[] A R R 1) 4% A4 I e 7 R Ak
P b L O B A )R A5 12 41 41 M R B A S 1
{H, &4 Gate ALY, W 38 Fxf B4
200 g 53 A ] LA 400 L AE X5 SR /N (FSCAE ) FIFITC#E '
5B (FITCH)RR o BN #1730 H AR 5 2
FE L BRI RE 20 LA

T W5 R (Yo) =T A 240 M —A o e Ik 1) 40 L )/ e
A A x100%

Y it A7 41t 43 B 4 SPSS 19.04¢ 11
BAFIEAT o T BUE 280 Tukey# 56 9517 07 2543
Mr, s-#rAb PR 2 (6] i) 22 55 W 35 P . 8 FH Sigmaplot
12325 45 R E .

2 &
2.1 2MHIREREERCOKE. TREIpHFE
HTHRMRB IR

TEC, 2.5 mmol/L, pHH47.5~9.5Hf, SSc

FILSCAE G R HEIT100%; pHIETEY. 5L, F I,
SScHILScHIAF I 2RI N EBIE , SScl A7 R AL

FLSc; pHEHEE|10.50L FAf, SScHILScrE L5
JFiR IR 24 h L E A EAE TS (B 1), %S K SSce
FILSc 48/NiF pH-LCo%3 5 M pH 9.87F1pH 9.97
(#2),

100 CH-..ﬂ_i,,_cs — 83
80

60 N
o LIS BRI SSc Vg
40 o RALHELERE  LSe A
HIRY

20 \

I/ %
survival rate

8i2 7:5 810 8.5 910 915 10.010.5
pH
1 MR G AR R CARE
T EpHFH TR FER
P o R A b A B pHE 8.2 X 1 25
Fig. 1 Survival rate of two sizes of S. constricta at the
same C, concentration and different pH conditions

The pH 8.2 at the abscissa in the figure is the control group

22 IR G@EENREPH, FERICHFHTH
MBI

TE[Rl— CAZ5AF T, SScHYAE I R it # pHIE Y
R M, FER —pHAM T, BEE CoA R
i, SScHYFFTEF N FE; fEpH 9.041H, C,
1440 mmol/Lif, SScHIfFIG R K0; fEpH 9.54
H, 240, #3230 mmol/Li, SScHYTEIEFE MO0,
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2 FTHARGIRAE 2 M pHAN C BB TN A48 h LCs

Tab.2 48 h LCjs, of two size S. constricta under acute pH and C, stress

[{l—Cx FA A fIpH
different pH at the same C,

LRIE A%

] —pH T AFIHIC,
different C, at the same pH

S. constricta specification

C,/(mmol/L) pH-LCs, pH C-LCs¢/(mmol/L)
/MRS SSc 2.5 9.87 9.0 11.79
9.5 9.75
10.0 3.43
KEFE  LSc 2.5 9.97 9.0 14.22
9.5 12.37
10.0 4.16
TEpH 10.041 77, 4C, #id 10 mmol/LEf, SSciy 100 . —epH9.0
TEHEHRN0(E2), pHHN.0, 9.5F110.00F, SSclf %0
48 hCA-LCsofH 43514 11.79, 9.75F13.43 mmol/L o
SE 60
(#22). 3
100{ 2— H9.0 & § v
S pi 20
80 - o v pH10.0
- 2 Fey (U S — M ——
;7:;‘3 60 - | 0 1 3 5 7 101315203040 50
g £ A 54 B/ (mmol/L)
&5 407 C,
20 1 ‘Iﬁ L .
\¥ B3 AXMBEGEEREARPH. FARICEFHETHEERER
0 1 ¥ e

0 1 3 5 7101315203040 50
T £ B/ (mmol/L)
Cy

2 IRGEESREPH, FRICHEHTHEEE
Fig.2 The survival rate of small size S. constricta under

different pH and different C, conditions

23 AMBG@BEEANEPpH, FEICHFHTH
ESSk P ERR

TER — CAME S, LScli 7% H bt % pHIH
T R B s M Cu Mt 1 mmol/LES, 5pH
9.0FIpH 9.54H 1., pH 10.00 77 1% A%, ZEAHIR
pHAM T, K& CARIIE N, LSchITF G % T [
fEpH 9.041 11, *4C, #it 50 mmol/LE}, LSchy
% K05 7EpH 9.54 ", 4C, Miit30 mmol/L
f, LScifFi%# 05 7EpH 10.04H, 2 C,
1113 mmol/LEY, LScHIAEE % R 0(1%13), pH 9.0,
9.5M110.0fLSc 48 h C,-LC 5ofE 45 R 14.22
12.37#14.16 mmol/L(32).
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Fig. 3 The survival rate of large size S. constricta under

different pH and different C, conditions

2.4 KHIBEERAESpHIMC, R
NKAGE M

TEpH 9.50F, SXIIRAMLL, &LEHLSc
1) 88 20 ZANK ATE PE Bl 25 C o0 FE I3k, LG
BEARJE THE, A5 SC 0047 12 ik B IR IR, X IR
HE AR 7212 hil, C, 12.37 mmol/L
2H 5% B ) B A ZINKATGPYE G B E M2 5,
FUH A S8 HAH H, Ca 30 mmol/LZH Ay B 2H 21
NKAGG K. 724 b5, FHEsR AL,
C, 30 mmol/LZH 1) 8 21 ZUNK AT M 35 151 (E14)

2.5 K& L% 72 = pHAN C 2 M AiB T itk
E R BE

FEAHFIpHAAE T, 45256 41 LSciin ik & ) 77
Wi e T B CARI3E IR, C 0 mmol/L (X A
X RE, SHMEE AL, Cy 30 mmol/L
41 LSclfil bk B 1) B W BE ) T B e 34 FL A K (ES).

k3 SEMN:D)
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16 97—+ 0mmol/L
14 —=12.37 mmol/L
—¥— 20 mmol/L
D 212 ——30 mmol/L
5
=510 o
=
4l -
2 r T
0 12 24 48
LI ]/
test time

B4 KL S pHA C, 2 B T BINKATE 14
Kl H1Cy 30 mmol/Li% 48 hit) B dls , J2 i T M4 7E24 hDL 5 A7
FH0; TIFE
Fig. 4 NKA activity of large size S. constricta under
high pH and C, acute stress

The reason for C, 48 mmol/L without 48 h is that the individual has a

survival rate of 0 after 24 h; the same below

—e— 0 mmol/L
60 —2-12.37 mmol/L

—20 mmol/L
— __ =30 mmol/L
50 1 -
2
o &
gi ; 40 —
i‘;‘)‘% § 30 1
w2 .
= v
(=¥
20
10 Y T .
0 12 24 48
AT IS ] /h
test time

5 RAB@EESpHMC,2MMET
I 4k B2 B 75 Pk e
Fig. 5 Phagocytosis of hemolymph of large size
S. constricta under high pH and C, acute stress

3 iR

31 pH. GV EREERNEI

KA S W R N AE AE CO2 FI—HCO;5 25 mh &
GiCY, KA Zh W RENS E i X R R RGOk T
BT, AN G TR R pHIE , 4EHE
P P T B AT, Pl R A AR AR P 2
KR BERE R Z A B — B Bl pHIM S, H2Y4
o 5% vl BRSSP Y pHAE 23 R A AR B AL
pH{EL 14 25 £ 23 1 IR A= 0 A 1) R RT3 T 5%
i A AR B AE H AR BTG B, R R BUE YA SE
70 SRR AE SR AT M, FRBEpH 9.5 10,5/ YL Rl

AR NEWREARSMEZ PR, Y
pHAE A i 10.5AF 45 i e P50 T, J5 K AT RE 2 0%
pHE O & 5E MR T 43R N R b 248, 4T
e LA YT T R R A e R HL AR P 1) % ol
Jiks, UL, SScfEiliH T R # b LSch
K, BUEAT UL, 4R IR AR AR, X R A B
rh e pHIN i 52 8 7 B8R .

ASLE R, TER —pHAEMET, B CAM
ThE, 2 PR 0045 8 0O A7 15 R B AR A B
TR, Ko Cy Tt 2351 K A 3 Py R 20 2L
FEMGT, LA B ) 8 5% R A0 i A1 2R 1T 9 D REY
A 2 AU 53 TRV R & B, B ) 22 58 7E 5 C A1)
8 1 7 G AN T R B AR S AR R, AZE SR Ay
Mrik B, B CAMITHRE, Cb 46 1% i B 1E M
R, 4 W% ) A7 R BRAIK . pHIFN C o7 7E B ) 3L
TR, 1EK P pHAI CoZ (M) F7 A6 F 47 : OH +
HCO® —CO3 + H,0, pHE{C K E TS
HCo3 WEMTHRE, MCco3 BHAXKAYA
R EME Y, HIE, pH 10.0R5141C,HF
FHACU E L /N TpH 9.0R 54, HEit, pHAIC,HY
B X 4 5 1) A A7 A5 FE LAY 5

3.2 SpH. 5C. X 41% 88 HLONKAE LR

A

NKAJ ZAFTE T AW A B 1,
Fieg W B EE 1, v DL S 5 IREAN
Na W2, W] DIy Hoft g 5y 42 i ag ™ A
WH5E R, TEpH 9.50F, BEH ComY ETH, LSciy
B8 2H ANKATE VRS ARG T o i — 2L a5
7, pHIHA (pH 9.5)XF FLAN 2 X} R i 22 NK AT P
ISZNE Bk BE G Kb BN [ S 52 0 2 Ak
S AR TTRREEBTREY, mpHME F 3
3 QR ZE W (Procambarus clarkia) S NKARY TG 71 2
TS G ORI s e T A B, AR
WHE B T E R AR AR ALY, REESE (Barbus
capito)fB 22 FINK AT J1 20 AR N (R PR 3%, X) 2%
8 TE — 58 W S 1 Cp R VA W 1) B8 2H Sk A7 B 1
ZHGE R TRARER, S T 4ERR I ZH U 1l
E I, 6822 NKAR G T3 7K1 2340 0 A 48 i 2
AT, TE fm pH LA BGZ 8 T i C R B ) 251
T, BHALANKARE NESRITRIEA T i
e, LA A TG R pH A B 328 8 T 55 C kB 1
ORI, 2l LS il 21 ZUNK ATE AL I (8] P Pk
WHAE, UL TNKAR G, X SFEHLIRN
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JE 4R 15 35 V- g AT 0 . B8 22 NKATE 77 78 i 38
12 hih 36 Sy R Ty, U BH LScfE 1% /= pH LA )
BT AW B R T g, T LGE 4 A
B 1975 1 15 N AE 0 Ok 4 KRR N B 77 i flpH
. BEEBTRIAHER , KEMNKARFHR
IR R 9 BB B, RILScl 8 41 Z2INKA
6 S o AR R AR, R AR B T NKATE T
() b Fh DT 2 35 0 N8 38 TPl . X R Y 25 2R
SR 5206 5 JE R R BT A5 AR, (EfS—HR
&, FE = pHRIC R B 19 45 17 T NK A i 36 14 45
A — B At 18] gL 9 on =l e L

3.3 EpH. B C, X442 I ik B 5 Wk &2 S8

A

K Az TG HE B W 0 Ik E R ALK S R S
() E B4y, LA AR S e DL 28 i) T2 B
AL, AR A0 RE Ty 25 B 52 PR 85 3 1 52
Mg 4 RN A= 7= 1) 22 A5 81 (Haliotis varia) 7 3555 i)
JE(IR B B ) BRI T I RE T R B
T e 5% B 7 = pHA R Co T, HC I 7k 2 40 B 9 7%
WEBE S R REDY, EpHANE Co B B4 SN
Vs T A TR B 2 A G 0 A0 B 28 T RE 2 Y. 2R
T2 W3 360 (kB R e R B () IR R Pl s, DL S 4
I 200 B ) 7 55 B8 0 i B 1 B AR RIS, 3T
RE S W5 D7 I S = A 2 B R, M
AT A AR 1Y, ARSI, FERpHAIC,
SUMEWNA T, LSclll bk B 77 1 BE 71 Bl & C 1035 K
MREAR . XAF G F I I E AR, YR L
A AR, ARk Az N T RE A AW
3 S T 11 = 8 177 N GV 2 4= o R S =
FLScll bk L AFWERE ST F R, 534h, WipH. #iCy
(AL 25 2 BULS R I A BRI AR W 25 6L, XA
Al B FHUM IR EL AW RE ) T BRI — AR

L BRTIA SRR R pHE R Co VK B2 1Y i 3E
T, R/INELRS 1 4 198 35 3 30 1R A0 o 1 it 22
SN 0 4R A L, R B 1Y) 4 08 1) it 52 1
OO, FEIG RS s E S pHAR S C ik FE Y R )
PERTR, Xk RN RS 48 00 (1 1716 A 358K 5%
M), pHAIC, MBS, 7% Rk, BFoEss
Ry iE— 2L PR G AR R 1 SR A AR T —
HORIE/ T

MR G REARE —FE.
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Effects of pH and carbonate alkalinity on survival rate, Na'/K'-ATPase activity
and phagocytic ability of the razor clam (Sinonovacula constricta)

YEBo', CHENG Zhiyang', PENG Maoxiao', NIU Donghong ", LIU Xiaojun ?, LAN Tianyi '

(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education,
Shanghai Ocean University, Shanghai 201306, China;
2. Shanghai Collaborative Innovation Centre for Aquatic Animal Genetics and Breeding,
Shanghai Ocean University, Shanghai 201306, China;
3. Shanghai Engineering Research Center of Aquaculture, Shanghai 201306, China)

Abstract: In this study, a static toxicology experiment was conducted to analyze the survival rate, Na /K'-ATPase
(NKA) activity and phagocytic ability of the hemolymph of Sinonovacula constricta of two different sizes (small-
size SSc and large-size LSc) under the acute stress of high pH and carbonate alkalinity (Cy). The results showed
that when the C, concentration was 2.5 mmol/L and the pH was 7.5-9.5, the survival rates of the two sizes were
close to 100%.When the pH value was greater than 9.5, the survival rates of the two sizes were significantly
decreased. When the concentration of C, was 0—44.58 mmol/L and the pH value was 9.0—10.0, the survival rate of
clams decreased with the increase of C, concentration. Under the condition of pH 9.5, the NKA activity of LSc gill
tissue increased with the increase of C, concentration, and the phagocytic capacity of LSc haemolymph decreased
with the increase of C, concentration. It can be seen that S. constricta showed strong tolerance to high pH or Cy,
but high pH and C, had a great effect on the survival rate of S. constricta. The research results provide a
theoretical reference for further exploration of breeding of S. constricta in saline-alkali soil.

Key words: Sinonovacula constricta; pH; carbonate alkalinity; survival rate; Na'/K" -ATPase activity; phagocytic

ability; inland saline waters
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