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Fig. 1 Diagram of experimental operation device
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Tab. 1 Criteriaused for scoring scallop activity

PEM AR UE criterion

54y score

SEOEARIT, SMEIEEESE, SRE, WRSET sistT 0
Shell valve opening and mantle membrane edge shrinking, gill filaments being adhesive, dying or being dead

5e5E 44 Shell valve completely closing 1
ANENR S, ANERE A, SNEREZ K 4 Mantle membrane closing, edge and eyes being clearly visible 2
SNENR AEME, LT PRI A U NSERR, AIIEARTT I 3

Shell valve and mantle membrane opening a little and eyes being clearly visible but viscera being not clearly visible

Sh5EsEaTkIT, SNESEKITIREE, fABEICAT LI B SO R A A 4

Shell valve and mantle membrane opening and both gill and viscera being visible

REFT 5 DEHFRI(0~4), PEoMBE, 10E
Jid DURZS AT BR AT o 25 5250 20 1 B A5 53 Ry 45 S
L FTA B DLAT 43 1) A
14 #HEAEMHIEHNE

P PIAE S HEATH O hy 48 h, 96 h il %E b I
FEAECR AR, TSR 1 L B, B4k
PRI TSI DL SE80 3 3 FAT, 3 A FL R
SEUREFIAHFSE 2 ho 2K S FH AR EE R 2 5, 20 5]
T 22 S0 4 A& SR K AR i DO RN R vk
JF ., MR GB 17378. 4—2007 CHEFE WAL G ) 7
B, S BIR A Winkler ALk 1R B B 2 AL 2
I 5E ¥ 7K B BT (DO M U (NH-N) 35 IR
F 5 DAY FE S R [OCR, mg/(g-h)]. HEZF[NCR,
mg/(g-h) | LA A L (ON)ITHE AR

OCR=[(DO,—DO7)xV]/(Wxt)
AER=[(N1—Np)xV]/(wxt)
O/N=(OCR/16)/(AER/14)

K, DOy Ml DOt 43 51 A i 1 4 B A1 52 56 45
it 7K Fp s A 80U BE (mg/L), No Fl Ny Sy I FF 4 it
IS 6 25 oA K P 2 /R B (mg/L), VR B
IR PRFL), w R R 3 b DL AR T (g), t 2R
SIS RFSE AR (h) .
1.5 HuSE VB0 E IR EE A E

A LA N TS 0h, 12h, 24 h,
48 h. 72 h 1 96 h HATHESCREE, SCEAHAERRAS
B ]S BEALRAE 3 HACH0 R DL, —80 CUKARTRAT -

HLO0.1 g e, AMERE . IR AN 682 218
ih, R SRR 10 9 INATRE 1 0.86%2E
PEERIK, FHA BT L 10%4H 21519 ¥
TR 10%25)39¢ 4 CEAF 2500 r/min 2.0

10 min, B EVE W, Hor, P LA B iR 20 21
FHFME SOD. CAT 5% LR Fa bR, Fl5e LA
5 T LDH . PK 45 WA A% BTG 48 A, I
F G0 R s A Y TR ST .
1.6 BB

M SPSS 17.0 B4 XK AR T MR 58 B DL A #E
AR HEE AR . PUAELEE(SOD . CAT)HIIT I it
(LDH F1 PK fiff )54 517 5. 3R 7 22 43 B (one way
ANOVA). X Duncan i T4 R 2 & HLEE; A
FFA LA A7 2255 B9k - Kruskal-Wallis
g e T M A . P<0.05 A ZEF B 3% .

2 HREHH

21 WMERIEARBZHBETHNEITER
W5 Bt DL 1 SR A7 T 48 Bl 5 35 4p L I [R] 114 4%

FIEOLULIE 2. WRFE R DL A 77 3% 258 B o s i ST

FER BRI FEAS . ANCIETF 4R 28 96 h 253, X

100 - - f- b -
P T
£ 90t
g “a
2 80r .
S 1 mg/L
@ ol “A-2mg/L
'Tib 4 mg/L
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60 -
1 1 1 1 1 |
6 12 24 48 72 96
iFE]/h time

2 HRERR DUTEAS [V e 80 i RHAAIG 56
Fig. 2 Cumulative survival rate of Patinopecten yessoensis
at different dissolved oxygen levels
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4 (DO=7 mg/L)AIA{7i% K — EAAFFAE 100%; DO=
4 mg/L S5 2H A1 835 92%; DO=2 mg/L S5
4, 7F 24~48 h Z [0, fAIGRPGHE T %, 7545
WIS, FE%HN 78%; DO=1.0 mg/L 52565 20 1Y) i D1
TR R, ZIRWIIRE 55%. THE RIS IR B
DIAE DO ¥ JE M 1 mg/L. 2 mg/L Ml 4 mg/L B iy
BB E]) 439 9 95.97 h, 147.37 h 1 209.58 h.,
2.2 HRSRE MMITT A

AN RS i S A5 R 3R 0 DL T B B AR o0
BLULIE 3. A SEU A B UL E Sh g BT EAs o i
T it S R BE Y BRAR T 41K, DO=1 mg/L Z&A1FF,
SR Bt A S R I TG, 96 h R4
ICNBIHAIE I 9%; DO=2 mg/L &4 F, Stubfie:
Z 96 h I, B FAREVIIGIER) 63%.

AN [ 5 it R4 F T B 3 DLV Bh 45 A PE 4 )
SR 7 LI B0 UL 1B 4 S SOk i fif S AR, R
BHEW IR . RS ZERIET-(0 57)

(4 FT 4 b 22 il 2 E5F (8] A S T 36 n, 5 A Ak o
(1 PF40) 10 B i e (] 48 4 3% 008 /D 78 DO=
1 mg/L &M F, 44 2 F1 3 fH 4 Fu B Asf [a] ZE K
vk /b; 5HA 2 SR A L, 7596 hif, 1543
K 0 (4 H A9 5 5 . DO=2 mg/L 1l DO=4 mg/L 514
T, 1955 3 R4 (14 LA Bl s [ ) A I B

140r AE]/h time
-
§ 801 ]
ﬁ 60!
40|
20}
0

2 1
Y 1#4E/(mg/L) dissolved oxygen

K3 OR[RI i SR ARF T SRS B DL 3 A i A5 40
Fig. 3 The total activity scores of Patinopecten yessoensis at
different dissolved oxygen conditions
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Fig. 4 Percentage of each activity scoring level of Patinopecten yessoensis at different dissolved oxygen conditions

23 REMEXNITRBEINESRE, IEEXRS
LM m

HR SR DU FE S . HE 2R SR R HIT AR
Fip 3 B4 M LA B AN S TR o O 22 A A S R,
VS fife S0 W B I 0 B (] X FE AR R A T 3 Y T
(P<0.05), {E DO=1 mg/L, 2 mg/L Fll 4 mg/L ¥ &
T, Wraanfal = 96 h BF, AR EAK
(P<0.05); XF F #H [A] & 1] 4 K W] DO 41,
DO=1 mg/L Ml 2 mg/L LI HAMFEA R L EM|KT
DO=4 mg/L 1 7 mg/L SCUG 2, BH & WhaE i) [A] Y i
K, 76 96 h i}, #5050 A FE AR AAAE o 22
5(P<0.05).

J7 2o B a5 S W, VS vk S VR RN 3 B[]

X HER A 3 50 (P<0.05), 7E DO=2 mg/L ¥
ET, et E 96 h BF, HEE R B E R
(P<0.05). X FAH[RIBS[E] A AS[R] DO 21, Jihii B[]
% 96 h i}, DO=1 mg/L il 2 mg/L J256 2 HE &R
FAK T DO=4 mg/L Fl 7 mg/L 52564 (P<0.05),

5 220 BT a5 R o, i e 480 TR 5 0 Jip 3 sk (1]
SRR LA L SN (P<0.05) o %o T ] it i) il A
W DO #H, MrfaitaE 96 h B, DO=1 mg/L Fl
4mg/L LR AR EEMT DO=2 mg/L Fl
7 mg/L SEHK4H (P<0.05), 7£ DO=4 mg/L A%} 4
DO=7 mg/L, ¥FaR DISAA LN 4.4740.31 F1 8.7+
1.98, 7E DO=1 mg/L 1 2 mg/L F, R A I AR
FtoA 4.40+0.53 F1 7.28+1.13,
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48/ (mg/L) dissolved oxygen

mlm) =407

VAfA4E/(mg/L) dissolved oxygen
mm2 @407
n=3; x+SD

n=3; x+SD
Abl - 9l Aa Aa Ab
Aa
Aa Ba - 6l Ba
Aa Aa
Aa
1 0

WA/ (mg/L)
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b m]m2 m407 B
Ac

Ab

HAKO:N

n=3; x+SD Bb
2 BbBc Ac A2 Ad ,_,}éo.:‘} I 2= Aa
== 15} = =8 Ba
oy al |88, T
égl of B 7 Eg Al
] Aa Ab _@_ZI
5 3 Aa Wl
W eosl 280l
o ® g
3
Ot 1 1 1 0 1
0 48 96 0
A [)/h time

A5} [E)/h time

48 96 0 48 96
f5f [&]/h time

Bl 5 AR R e R T AR b DU FE SR . HEE R AA AL

KRG AR (7] — 88 it S BE AN [ B I 2 [ ) 22 e e 251

INE PR [ ][] AN ]

VSR B 2 I 22 S B . R W] 52 B0 22 v I35 (P<0.05).
Fig. 5 Oxygen consumption rate, ammonia excretion rate and O/N ratio of Patinopecten yessoensis
under different dissolved oxygen concentration
Values with different letters indicate significant difference (P<0.05). Capital letters represent differences between
times within the same dissolved oxygen concentration, and lowercase letters represent differences
between different dissolved oxygen within the same time.
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— DO L5 20 A ] a] DO=1 mg/L 52540 [ 7 AL
SOD iGPEIE shig Kk, FIH N PE T = ARG TR,
PR O B AR At H HoAth 2 5L SOD

a 4/ (mg/L)
dissolved oxygen
m] m?
=4 O7 o
—2 ¥ C
Bb n=3; x+SD
Ac Ab BaCac, Aa
Bb

—
W
S

—_
(=3
S
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W
S

SOD?#:/(U/mg prot) SOD activity

(=]

0 12 24 48 72 96
B} [E]/h time

TG T AT 0 P R, T B 3 B )
FEK IS RS T AR A A, X AR [ s
[ AR DO 5254, 1 mg/L HAESLHRITAR (0 h)
SOD ¥t 2 i T HAh 52 56 20 (P<0.05), i HiAth
S 21 6] G 4 35 PE 25 5 (P>0.05); 6 2 e ]
AYEE K, DO=2 mg/L 1 DO=4 mg/L S£%:4H 1) SOD
TR B EE T X B4 F DO=1 mg/L 41, T DO=
1 mg/L SEEZHAY SOD 14 H 40 4 B4 oz 3 14 T
FITFER TR, 7ESCIRHFSE S 24 h B, SOD MG P
ViS4 (mg/L)

dlssolved oxygen Be

m] m?
=4 07 Cd Ce

Bc n=3; xiSD
200+
Ab ()
100+
oL
12 48 72 96

H‘J‘IETJ/h time

Ab

Aa|

SODJE#:/(U/mg prot) SOD activity

FEl 6 A1 LA S0 S 152 L a) L BEAR (b) SOD i

KRR A e AR I 2 B 2 5

NG FREARRAR [R5 1]

ANTR) VA fife Sk BE 22 (R f) 22 57 L . AN B 30R 25 7 B 35 (P<0.05).
Fig.6 The activity of SOD enzyme in adductor muscle (a) and hepatopancreas (b) of Patinopecten yessoensis
under different dissolved oxygen conditions
Values with different letters indicate significant difference (P<0.05). Capital letters represent differences between
times within the same dissolved oxygen concentration, and lowercase letters represent differences
between different dissolved oxygen within the same time.
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8 AR T IR 41(P<0.05)(I&] 6a).

57 NUAHE, TFBERR 121 SOD Rt XHIT
S 30 i R B R R ZU (] 6b) . 7E O h B, 45508040
(1) SOD [iff 17 14 14 4 30 4 25 9 1 1 755 (P<<0.05),
ZJ5, DO=1 mg/L L4042 i SOD 3 M B % Aist ] 1Y
FER M REAR, A 2 A~ S255 20 19 SOD I 34 2
BT B 22 5 7 2 T A 954(P<0.05),

RS B DUPH ZE L. B i v e 4K il (CAT)
T P X EG AR e 107 DL IR 7 T 224 AT A AR
N, SRR R A i A X PR 5 WL R T R
CAT iSRS A 135 520 (P<0.05) . PRI% AR ZH rh
7L CAT B 30 Lb K, e H AR [ s fa]

a Bb  VAEE/(mg/L)

E‘ ce Be Ccdissolved oxygen
B Cb Cb m] m2
S Cb =4 O7

> n=3; x+SD
&) Be 4 Bbl Ab
36t

; Ab Aa Ab

E

a L Aa A:
E 3 A Aa
iz A

%

S 1 L 1 L 1 L

0 12 24 48 72 96
Fi}[E]/h time

A AN E S, &K, 0 h i, DO=1 mg/L
SCERAR CAT BEIS 32 240, DO=2 mg/L Hl
DO=4 mg/L SZYa2H (1) CAT g H BN 3k 7 v (14
7a); TESCEORREEZE 96 hivh, 45 Wrid 4 CAT Mg 1%
50T HRALAH LE 1 2 R AR (P<0.05) . S HIFENUAR I,
JIFIBE IR CAT B M XF DO i i mi 157 Fe s o
TIal— DO W ARIRIET ], £5 S92 AR CAT
1S Bt A s () ) SE 2 TR G T o R AR A AR A
TR A I A F54E 24 h i, 2 mg/L F1 4 mg/L 52
WA B, B TR IR 7R 48 h i,
1 mg/L F12 mg/L SZ56 20 B 3 = T X R4 (P<0.05);
ZJa, £ m A R UG PR 2 R (KD Tb).

Be

b

AR/ (mg/L)
|- dissolved oxygen

m| m2

=4 o7 AbBc Bb|
n=3; x+SD

(o)
o

N
(=]

Aafa
Aa Aa
Aa Aa

Aa e

[\
(=]

CAT{EM:/(U/mg prot) CAT activity

(=)

0 12 24 48 72 96
A ] /h time

&7 BFEE R DLTEAS [V ik 4800 B2 P17 JUL () FLIF IR (b) CAT it 1 4
KRG FAEAR R ) — V5 A SR B AN TR) N [ 22 ] 1 22 5 W s /NS B ARRAR BT ]
AN TRV i S Mk B 22 TR 1) 22 5 L 1. AN IR B30 22 57 W 3 (P<0.05).
Fig. 7 CAT activity in adductor muscle (a) and hepatopancreas (b) of Patinopecten yessoensis
under different dissolved oxygen conditions
Values with different letters indicate significant difference (P<0.05). Capital letters represent differences between
times within the same dissolved oxygen concentration, and lowercase letters represent differences
between different dissolved oxygen within the same time.

25 (RSB ITENEE R AR [E 48 40 IR X g B i E
MR

IRF R DA SEAL . AhE R FLIR I A LDH
{4 T P X AT 4 P 107 DL P 8 Ty 22 4 BT A SR
S, VS A SR Rt At () %o A 5 UL LDH i
PEAT 23 R (P<0.05) o XF T [d]— DO 21 i A [ i
B8], Bk 4 mg/L 1 7 mg/L SZ40 24 LDH B 5 P Hege
Fg A, FoA 4L 52 AL LDH B 4R BE 3 i
[i] 7 A 4 2 B S T v e B AR A A8 Ak ka3 XA
[ B [ B AN [/ DO 41, 5 o Ath 52 56 40 A Lb 7E
2 mg/L #A# A A LDH BG83 75 (P<0.05),

fB7E 1 mg/L (72~96 h), LDH [ i ¥ i 2 K
(P<0.05).

HMERRAL LY LDH il 376 1 X I 42U 36 1) il 7
5 5e 2L, 1 mg/L Al DO=2 mg/L 4 HFNERR
LDH i 175 4 B Bl 36 e i) Ay 22 < 522 B0 50 T 5 i BAAIG
AR ks, 5HALSCIAIA AR 2 mg/L ¥ il 4
38 T A5 3 B Y IR (P<0.05), X AR W] B[R]
(AR DO 41, 1 mg/L, 96 h LDH [ 1 i %
i (P<0.05).

B3 B DL PR S UL L S8 o R T R 95 it (P34
XA SEU A i 1S LI 9 T 22 A A R o, T
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Ce R4 (mg/L)
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m] =m2
Bce m4 O7
n=3; x+SD
Ac Ap
a BiIAa a

H‘IIETJ/h tlme

[\
(=]

—
W

FLRRIBL ARG 14/(U/g)
lactate dehydrogenase activity
w5

(=]

0 12

FLIRIR SRS E/(Ulg)

lactate dehydrogenase activity
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S
(=]
T

N
[=]
T
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P8 ANIRl VA it S A5 T MR 5 DL AT e L (a) FAD S 5 (b) LDH i P 1 22 4k
KRG FBRAR R[] — 5 g e A (] I ) 22 [ 9 22 S S 2 s /NS S B A A ) I ]
ARV fife Sk BE 22 (R f) 22 57 3 0. AN R B 3R0R 25 7 B 35 (P<0.05).
Fig. 8 LDH activity in adductor muscle (a) and mantle (b) of Patinopecten yessoensis under different dissolved oxygen conditions
Values with different letters indicate significant difference (P<0.05). Capital letters represent differences between
times within the same dissolved oxygen concentration, and lowercase letters represent differences
between different dissolved oxygen within the same time.
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Fig. 9 PK enzyme activity in adductor muscle (a) and gill (b) of Patinopecten yessoensis
under different dissolved oxygen conditions.
Values with different letters indicate significant difference (P<0.05). Capital letters represent differences between

times within the same dissolved oxygen concentration, and lowercase letters represent differences
between different dissolved oxygen within the same time.
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Behavioral characteristics and physiological responses to hypoxic
stressin Patinopecten yessoensis

XIA Yuying"?, ZHANG Jihong®, LIU Yi?

1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable De-
velopment of Marine Fisheries, Ministry of Agriculture and Rural Affairs, Qingdao 266071, China

Abstract: This study outlines the effects of hypoxia stress on the behavior, physiology, immunity function, and key
respiratory enzymes of Patinopecten yessoensis. To accomplish this, four dissolved oxygen (DO) gradients
[1 mg/L, 2 mg/L, 4 mg/L, and 7 mg/L (control group)] were set to determine the behavioral characteristics (the
degree of opening and closing of the shell), oxygen consumption rate, ammonia excretion rate, and the activity
levels of antioxidant enzymes (SOD, CAT) and respiratory enzymes (LDH and PK). The results were as follows:
(1) The survival rate of Patinopecten yessoensis decreased with the decrease in DO concentration; when DO was
1.0 mg/L, the survival rate was only 55%. At 1 mg/L, 2.0 mg/L, and 4.0 mg/L dissolved oxygen concentration, the
median lethal time of the scallops was LT5y=95.97 h, LTsy=147.37 h, and LT5,=209.58 h, respectively. (2) The be-
havioral characteristics of the scallops were divided into five grades numbered from 0 to 4; the higher the score,
the better the scallop’s state. From the quantitative indicators of scallop behavioral characteristics, the lower the
concentration of DO, the lower the score and the worse the state of the scallops. (3) Hypoxic stress had significant
effects on the oxygen consumption rate and ammonia excretion rate of the scallops (P<0.05) under the stress of

DO =2 mg/L. When the molar ratio of oxygen to nitrogen was <7, the energy supply of the scallops was mainly
protein; whereas when the DO was =4 mg/L, the scallops were mainly sustained by protein and fat oxidation. (4)

Hypoxia stress significantly affected the level of SOD, CAT, and respiratory enzymes (P<0.05) in Yesso scallops.
Being under 24-h hypoxia stress increased the concentration of reactive oxygen species (ROS) in the hepatopan-
creas and adductor muscle. After 48-96 h of hypoxia stress, the activity levels of the SOD and CAT enzyme began
to decrease. The metabolic pathways are different under different concentrations of dissolved oxygen. The study
has found that when DO=2 mg/L, the metabolism associated with aerobic respiration is converted to the glu-
cose-pyruvate-lactic acid respiratory pathway and when DO=1 mg/L, the respiratory metabolic pathway may give
priority to the glucose-succinate acid pathway. On physiological and biochemical levels, the decrease in immune
function and the change in respiratory metabolic pathways may cause the changes in scallop behavior.

Key words: Patinopecten yessoensis; hypoxic; physiology; antioxidant enzymes; respiratory key enzyme
Corresponding author: ZHANG Jihong. E-mail: zhangjh@ysfri.ac.cn



