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PEF R it 70 60 %5 Bl i P RO RS0

EREY 4 o F K

(P EUK =B S B AR K= IR BT L

200090)

BE H T AT At h Bl xR B #A (Trachycardium flavum) 4 22 X 8t fn %, 9% B8 0% 14 By
B, oA THREELRAZEIVTE2, 12, 24, 48 T2h B G HEAE | HEAFMEAH
44 Na'IK'-ATP Bf . #8 A (b4 B (LB (SOD) . B 1 85 5% B (ACP)Fn ok 1 25 B2 B (ALP) By 75 Mk, 45
REx, fEE2hEAEERK, AEBHE, £24 M 720 B EF 5 T H 4 (P<0.05); H
AFEZE 2 h 1 FEK(P<0.01), AAELRFEELRTHEL, SpEE. HFEREF Na/K-ATP
BEJE 1 #E 12 h B Z [#1K(P<0.05), MM E N SXBALEEZR, SEH. HEEME
H SOD /& j & 24 hik 2| 5 fH, & & T B4 (P<0.05), HEZ A KM, LA+ SOD &
EABhAE REHMEEEK, IEEMET ACPENEFABTEEIK, HERT ACPE N EEE
K (P<0.05) 5 Z ¥ Ft &, MMAF ACPE N SXBATRE£RF., FREEME T ALP W 7 48 #1%
JE B EAEHP<005), SAEBAML, IEEMNAFT ALPEN LR EZ R, £RX KW, 2k
B E RSB REAKT R EEEA AL E Y ERI N A RN, SR

X A% B VE VB R e B R R
ES7 40

FESEE S044.4  CEAFRIRAD A

Eh R P E TR A W) o A I e AR I AR Y
WG VIR R LXK, JCHSE T R,
N . RERD . R T R RGN, 2K
AN IR AR S v K AR BE B B . HET, REECETRATT
DU 3 A7 SR AH T [B) 2 | WETR B 1 X, #h B AR
AT BB 2 ) D123 A [ A5 B2 1 Jilh 3 (Gagnaire et al,
2006; Carregosa et al, 2014)

ERE P38 2350 DL S D RE L 1 D1 S Rk gy
PEJR B AR . Reid %5 (2003) 58 & B, JEHEE=IG 1T
(Ruditapes philippinarum)Ifi4i s THC Bifi£h B T i
Thim o mERMHE T, X5 i (Chamelea gallina) Y 41 il

TR S B BEE; HFEE; Na/K-ATPEE; #I&m &%
XEHS 2095-9869(2017)02-0143-08

B E PR (Matozzo et al, 2007), FfiEhE FT1, 4t
i (Crassostrea virginica) X} 274z Ht Perkinsus marinus
Al Haplosporidium nelsoni YL R FIFET- Rt E T
(Ford et al, 1988; Chu et al, 1993), 1k & W id 8 2 52 i
MK DL BRI | 5 DL AE K (Navarro et al, 1998;
Nakamura et al, 2005), D1 275 B 4 A= B 3l DL
ERRERE S, BESE R, e RN T EHAERE R, R
2 ) HE 1Y A2 A6 AR 2 5 BOULAAR AE 1 G A9 2022 (Roch,
1999; Rolff et al, 2003; Wang et al, 2012), Kitt, A:FE{L
B ITE—E B EE b SO ek DL 32 B0 kA .
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f4) 336 355 1 I LA (Zhang et al, 2012), T ik i e L il %
TR DR GRS s Fpie i A E2 0 L, o
PkE 5% (Trachycardium flavum) 2345 TR E 4L T
VYR R (R4, SR — A E B T DU R (R IR 424,
2010), ZWFRZELKFNRLW, TR 1M

JKER 4 B S T A ik 34 UL (g K, 1988;

RIGEAE, 1998), BLAT, Ik 1 0 2 0 m R i o
AR 5 30 3 0 A v Pl 3E R R R G 0 R G il
PERAS AL, B RE S A A R R e & AL, A
Z VR FRIE M R AR PR S R

1 WS
1.1 SEIEzhid

B A S0 SR TR R SC B I, AT S S Pk
RN A AR [FE N (50.35+2.64) mm, {RE N
(46.51+6.91) g], VE KR MIE Y5 A 2000 L 375
WAREFE 14d, WSS 10 cm JB4060, B, &
K EREEH 31.0£0.5, i % P9 A R KR A
(26.020.5)°C, HFRHK 1/2, FHEAHME 1 R/NEREE
(Chlorella pyrenoidsa) 14 % (Isochrysis galbana) )ik
B
12 #HELE

PO R EGHRE S 1S 150 H, SErh 24, —
AR BE R 31 iRk PR Xt B, 53— 3%
e NERPE N 37 MUK R R K R T KB R
WREERIK, SRS U8 G A KER R E 37,
JE A HE T AR I AE o SEE0RESE 72 h, R AR
Bk U2, FRBIFMEIE 2. 12, 24, 48 fl 72 h g
FEECRAHEE R, BRI A S 3 ks 5G4
BUBUTFERR . 88 ANERRE ENLARES, T-80TC
PRAE, T LU T o

13 #HEERMHIRMWNE

FHEK 208 FE R A ECR . A1 15 L %K}
WP N 1 RE s Sy e X A S K S
A, 26°CKIE, AR 51 3AEAT AN 1A
25X IR, PRSI0 HRRSE 2 h, BOAS AR SR A
HEZ R B N H G 1-3, 11-13, 23-25, 47-49
71-73 h PRI o 20645 oK FH A W 32 UK R 437
fif S E0 G, BUAREST 65°CHET 24 h, FRE
21,

(1) >R Winkler 3 (Stickland et al, 1968)Jl| & 7k
R R R A, AR N SRR R

R=Vx(Og—0Oy)/(Wxt)

A, RAHAIRTEFEER, O fil O 70l kL5
BEPI 23 1 X A ZH RN 52 4 K HP 03 it S8 E (mgl/L),
VR RFGAARRR(L), WoREGHETE(g), t MR EF
ZERTE](h)

(2) K FH KR £E 4 1L % (Solorzano, 1969)il &
K ER S &, BT O HEE R

E=Vx(N—Ng)/(Wxt)

K, E NIAREHEZES, No Al N 4310 52
55 485 R 2 X B2 R S 50 K P i s R B (nglL),
V R IFUOR (L), WoRESHZ T E (), t gty
ZEFE] (h)

1.4 EEFENE

141 #HmH& BHLRES T ACREIS, )
Fie i ARFL LA O A5 Fve 9 A= BEER 7K (150 mmol/L
NaCl, pH=7.4)213¢ . il 45 4121 3 W Lk 2500 r/min., 4
CEL 15 min, B RIS F RS 347 .

1.4.2 BE 5w ST E B W h NaTK*-
ATP fily . E ALY AL (SOD) ., MR VEwE IR (ACP)
Fieel i AR B (AL P) RO 1, A5 Bl TG 71 38921 R &
(P 5 A ) T AR RIS ) aE ,  ELAI S 12 4 R
A S UL B HEAT o SR 28 T s i T e Y R
FRBE . Na'/K*-ATP [ J1 8 SR RE/ING g2 5 2
ZUE A ATPlE i ATP 774 1 umol TEHL#E(PI) Y
HoN 1 ANE S 8h . SOD i fE XN R TR 41
F7E 1 ml S SOD i 3.3k 50%HH} i Xof 1 Y
SOD &4 1 M%7 8 . ACP % 1152 X0 30 min P
P 1 mg p-REFEER A 1 ANIE J1 L. ALP IS R X
g 15 min NF=4: 1 mg p-RE3EE S 1416 J B4

1.5 #HELE

S0 B SR ST 4 bR 1fE 22 (Meant SD) 2 7 .
K FH SPSS 11.5 G5 3138 5 B i i A7 Il S FEAS RGBS
P<0.05 #R 55 0%, P<0.01 #/x2ZE SN,

2 #R

2.1 =ERENIE X PR IR HE M 59 20

EREE 37 AFRJE 2 h, BEHRE S 05 B FE R T
e, HEad bTr, = 48 h k3l RME(E 1), 7
24 F1 72 h {3 = T 8 4H (P<0.05) . kb B #5011
I 2 hiFER R B ELT 24, 48 F1 72 h B RYFEE K
(P<0.05), HERFFEAFLSE 2 h e i KT XF 4l
(P<0.01), H/G&Z#iTHE. AbH4 2 h iHEECR T %
v T H AR [R] 45, (P<0.05)
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Fig.1 Variation of oxygen consumption rate of T. flavum
under hypersaline stress

*FORM A SMMAR NEER, TR
* indicated significant difference between the control and
treatment, the same as below
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Fig.2 Variation of ammonia excretion rate of T. flavum
under hypersaline stress
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(P<0.05), 7 HA45RF]S 5X A LR EES . L
AR Na' /K™ -ATP B G 11 5% IR C R H 25
WA, ANERE . R R AL AN R R A 2
6] Na"/K*-ATP filf i 14 3% 2= 5 (P<0.05)..

2.3 BB GEEXEEE TR

hEE 37 AhH s, A44Ud SOD i I BT
Ja TR (E 4), B 2h, S5XIRAEMLE, 4%
M2 SOD {f S MR, HIFZWFmE; 24 h, JFEE
B H SOD 1% J1#% ik 3 i X% B4 (P<0.01); & 72h,
LAY SOD 1% J1 M BN IRALKE . EhEEAFE S,
B LU R [A] FIA] g5 2 [7] SOD % J1 /74 i % 2 5
(P<0.05),

EER RO, Bk S ANE AR ACP
W RSETHRERFRINBEE, 78 24 h B35 T X
40 (P<0.05), 7£ 48 Fl1 72 h F % (K 5). AFiEHR+ ACP
T J17E 12 h i K T % B 26 (P<0.05) , i J5 2 T T+
16 72 h i 35 T % B 2H (P<0.05), 5% A, ML
W ACP R e % 22 5% . AR ACP G 1 i %
T HALA 4 21(P<0.01), mishiha T, SA8UhA
[R] s 1] 45 2 [) ACP i J7 H3 B i 2 A28 1k (P<0.05) .
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Fig.3 Variation of Na'/K*-ATPase activity in different tissues of T. flavum under hypersaline stress
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The, 16 48 h B % m TXHR41(P<0.01), AFBEAR
ALP G 1AL S HBAAML, 7224 h A1 72 h &5
F X IR 4H (P<0.05) o JIF AR Y ALP 16 7 1 3 = T HAth
HHHUP<0.01), FHIEALTHIS, 452H 20 A [ i) o
Z I8 ALP 3% 77 H B8 5 3% 45 fk (P<0.05)

3 itig
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AN FE R A SR AR AR, K DL 2 i G A
DUFELRAP A 21 4 3% 13 % (Pierce, 1971), Brown %
(1981)#i# , Bullia digitalis 753k B TH 5 B PR AR I £ 56

PR . ABFor, ShEEACTRIRIY], #IohE 120G D152
FERCRE B W A, X T RS 3L 2 h AR SR T IR
JEH o ER A AT, PECR A FRAIC U2 DU AE AR
F R 5 R A7 RE i — Fl 7 X (Brown et al, 1990), K
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Yy 2347 4 BRAME (Bayne, 1973, 1998; McMahon et al,
1991), #MZJ5, SR AR E S S M AR 2 R —
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1973), AWz, FEEK 12 h 5B #iTteE, R
D3 236 3 B O AR i A BRAMEE T B, B A 7545 (2010) Y
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Fig.4 Variation of SOD activity in different tissues of T. flavum under hypersaline stress
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Fig.5 Variation of ACP activity in different tissues of T. flavum under hypersaline stress
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Fig.6 Variation of ALP activity in different tissues of T. flavum under hypersaline stress

B S I FEECR S0 IR (R 32) o g 2= 5, Rk
) 57 42 A ME T LA B[R] 5 R han R A G, HARAL
il 7 B — 2B S

VB EE ALY, D15 5K
B & (Silviaet al, 2004), ABFFEH, EEE A
JG . HEECR TR, X520 v B Mha T iAo 4
B (IR 4R, 2010), HoAh D2 bt A 2 BLHRGA -
A4 (Nassarius festivus) WL 25 #5 A 30, 35 J&
72 h, HEE % TR (Cheung, 1997), TEEEhBEMNE T,
XS DS 20 2V SR FR AR /N T D 5 B B 2 R
DI X 55 8 1R 1) (Baginski et al, 1977), B 468 N &
M2, HERNHER. 4R (Baginski et al, 1977;
Henry et al, 1980; Deaton et al, 1985), N4 R 14 i
T BB B S T [ A S TN R R R B 2- i 3
M2, WEESECE TR FURRRAC . 85 A DL AR
% (Zurburg et al, 1981), AWz, 78 2h, HEER G
FART O BRAL, PTRER Ay o8 0k 5 0 i 3 AR U
{14 BT A DA NS 8 paE 5 Bl PN 53 528 4 3k 31
FERPIR A, HER R WBHT LF; = 72 h HEEFE L
TR, RIABLA N A BRRES . X IR AL H RS 0
MHEZCRTE 48 h B LT, ATRE A2 5T EL,
ZHELK SR, SRESZAHFERE TR EZES

Na'/K*-ATP X diedifiih Na'. KRSk
HEEAEM, A BRI S 5 (Cheng
etal, 2002; ILAKIAE, 2013), AMFsEH, SMERE . JFBE
iR Na'/K*-ATP fili & J17E 12 h B L FXT a4,
Na'/K*-ATP [fiZ 5 i ik & 0698 % F2 45 (Osmol aity
homeostasis) 15 . k& T Na' /K -ATP i i 71 A%

IR A A DI P A iRiE, SR 23 BRI+ = 26
J&i , 7 i (Cyclina sinensis) i1 Na' /K -ATPREfHE 71 T %,
eSS 15 KikB e IME G Z T T, (BT
PG EPRIT T4, 2012), #5FEH 30 7+ % 35, 40 )5,

Ll (Anadara broughtonii)FHE U1 68 4 Na'/K*-ATP 6
IR, 4y B 24 h A 12 h BB IME)S [, (H
PR T o0k BR2H (% B 12 5%, 2015)

32 HREEEHETL

T 858 58 SR A0 Ak 23 5 T 1 7K TG ME 3h 0 1) 5 2 1)
fit, BUSHLIAR NADPH & LA R4, SEREAR L
THFW R K), A K EE A (ROS) . M EBES
A Y, (AW SBEIUAR LS. DNA FIfEFE
(Roch, 1999; Finkel et al, 2000), SOD JEHLiAS T AL
RGBS 5, T bR A N TE R AR A PR 3
(Hermes-Limaet al, 1998). Monari %5 (2007)#%iE, %k
JEH 34 T+% 40 J5, XA IV T Cw/Zn-SOD i )
Tt . KiA)5 Hil 2 (Apostichopus japonicas) [ 5 /% 30 #%
ARREE 359K, AR T SOD I JI7E 3 h il e
FIHRE(P<0.01), HIJ5 TREZ X R IKF-(Wang et al,
2008), AWFFEH, 444 SOD i fi¥y Bl ek
MRHFEITE, ARG T RE AR (LR, 10d BH ol 40 300 o
HURE S IR PR N R VR B RRAIS , 2 T AR S R
NI, R AR B 3, SOD 4R A LB
Vo P IE LIS BRI 2 1 H H 3

ACP Hl ALP J2& 82 /K i ity , B e 1 1 40 g
W THRSEYIRYYE T (Cheng, 1978), ABFSE A, Jihia
IR S 05 AR B ACP FIT ALP T J1 S8 F%AIK,
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FUH R ER B a5 T RS B A ) S R TR X 5
£ B R T 5 3 VT4 5 (C. hongkongensis) itk & ALP
TG ST AR A — B (DB 45, 2013) T P e 11 il o S
R0 7 A A & B (Cajaraville et al, 2000), ACP 3%
JIRARAL, W ER B I AE RS2 T B AR E T

ARBFE IR I, B RS B 06 () G 3% B vy 2 AT 2 4
FRSME X IR E RS S G AN E R SOD 1 1 A
THALZHZ(P<0.05), BT ACP F1 ALP i J)
& T HABAIZ1(P<0.05), X P4l 21 22 S AE HoAh D
KA HRGE . L0 U1 (Mytilus edulis)f o SOD i )
¥ (Manduzio et al, 2004), fij#& 0 U1 (Perna perna)
SERIIFBE AR T SOD 1% 7140 4 (Almeida et al, 2005) . %
157 (Scrobicularia plana)JIF R ACP il ALP i J)
Bom, HUCHEE . . KEMAM R (Mazorra et al,
2002), XA ZERERTRESEAMA N, Hisf
K, HARBIHLE T 20 Bh s g fb =y | B 2438 55
HORFE— L IF SR 52 .
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Effects of Acute Hyperosmotic Stress on M etabolic Rates and
Immune-Related Enzymatic Activitiesin Clam (Trachycardium flavum)

TANG Baojun”, ZOU Xiong, YIN Fei
(East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai  200090)

Abstract To investigate the effects of acute hypersaline stress on the physiological metabolism and
immunity of clam Trachycardium flavum. The oxygen consumption rate, ammonia excretion rate and
activities of Na'/K'-ATPase, superoxide dismutase (SOD), acid phosphatase (ACP) and akaline
phosphatase (ALP) in different tissues were measured at 2, 12, 24, 48 and 72 h as water salinity increased
from 31 to 37. Results showed that the oxygen consumption rate of clamsin treatment group decreased at
2 h and then gradually increased, and was significantly higher than the control group at 24 and 72 h
(P<0.05). The ammonia excretion rate significantly decreased (P<0.01) at 2 h and was lower than the
control group at al time points. At 12 h, the clams showed significant lower Na'/K*-ATPase activity
(P<0.05), but no significant difference of Na'/K*-ATPase activity in muscle was found between the
control and treatment groups. SOD activities in mantle, hepatopancreas and gill reached maximum values
at 24 h, which was significantly higher than the control group(P<0.05), and then decreased; SOD activity
in muscle reached a peak at 48 h and then declined. ACP activity in mantle and gill showed similar
variation as SOD. ACP activity was significantly reduced (P<0.05) and then gradually rose. No significant
difference of enzymatic activity in muscle was found between the control and treatment groups. ALP
activity in hepatopancreas and gill decreased followed by significant increase (P<0.05). Compared with
the control group, no significant difference of enzymatic activity in mantle and muscle was found. The
results suggested that acute hypersalinet stress significantly affected the metabolism and immunity of
T. flavum, and such effects varied with time. The impact of hypersaline on the immune enzymatic
activities is tissue-specific.

Key words Trachycardium flavum; Hyperosmotic stress; Oxygen consumption rate; Ammonia
excretion rate; Na'/K*-ATPase; Immune-related enzymes activity
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