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WE: AFRUNEHNELKERAE TR NARGREGENTRA, AT SHN A

At

RIC IR 2R 2t 35 3 e I AR A ML 4 B (LB (SOD)E 1. 9 = BE(MDA) A &

MHKGSH)EEN WM. FRErx, WELHKERERWE R NHSODE K.
MDAFGSHA &, £ L RAAXAEF A G EWFH B KL EHAGAE. /G, F
REWIME LK EAEMCNE T xR I SODE M= 4 %, BEAERLAFH
SODE M EA%KE, WA OHEAETULF A MTE RGN E. £LhHf
EWINGSHE EA2dN M EF M T A, DR RS2/ WRLREAMET K,
RATRHEAESHAENTE R RRLE AL N ZBEER

XBE: AR E;, FERN, TOWEAE;, HALELS; B4

hE 4SS 968.31

19854F, SRR H PGHEE | B 181 4 56
[ AR b 5B T 3k B vk 2 & i B 4 3R (dureococ-
cus anophagefferens)Fr 5| K W # T, 15 19974F
AR BR R IR JE WS W 58 & 1 HZ R i B )
Wi o 20094F, TEFIEZ 5 5 A & 5
BRI b RO S 5 = A2 R e i [ A
HAr, MEakE e ax NA AR
e 5 AN T R, (H A £ K S A D 2 A
K, BIRHEER, SRR, £2
T,

0B 4 BR s JE F ¥l 5 7] (Ochrophyta) . 14
¥ 2M (Pelagophyceae), F4NJ, &L ERIE ul i K
B, &, HAAR1.5~2.0 um™, WFFEH, ML
TR/ FRHE A NUERL, 200 U (Mytilus
edulis) I I B & PR MR BRI, Hit,
£ 4 B X DL Y 40 2 A FH JF AR BB /N Y
PR BT S B I B A, TS DL 2R TR A R
MW ER, AN, ME S ERENICEER T UAE N
BY) TS (Mercenaria mercenaria)4/] PRI

I #S BHA: 2017-08-06 &R BH: 2017-11-16

SEARERE: A

I, M — 2 R BE WA ik ) 25 WY I 5 e i 5 0
AR,

S5 280G D (Perna viridis)Jg T AR ¥ 1]
(Mollusc) . 724 (Bivalvia), T U1 H (Mytiloida) .
G D1 BF (Mytilidae), J& W #Gar PRI S, W
R MBI EE LV, AR E
Tk ARG I AN [] o B A R s R e K 0 R I
H B (Tetraselmis subcordiformis) IR A %] 535 22
gy D1 P IR A1 %) 8 S8 Ak 4 7 Ak il (SO D) i 4 K 1T —
[ (MDA). At HBR(GSH) & s rysZm, il
e B R faHE T, il aEaREs
AR AL R

1 MRS T

1.1 SCIe# Rt

MESREZZDH, HEEREROS
R W2 5T RO AP = 40, WK 400.45 pm
JEE L S 121 °CR i K 25 min, FREEBHE

BT E xR = E AR SR BRI (2010CB428702); [ 5% [ 4R Bl 2 3 42 (41276091)
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UMLK 77 56 ok RC 7 45 o B 9% 2% 1 R i
J#(18£1) °C, YEHE80 umol/(m?s), YeiKEH (L : D)
12h : 12h, pH (7.5£0.1), #hJEF25+1,

ARG DLW T M B VoK i g, W
1~24F, SEHRHT Y 2 D sehb e 22, f T DL skl -+
G, WEERMEEY), BT UK d, K
w18 °C, HROLE, JIFEWIR AW EE, &
W% 28 S DRI K TR i T R . SEERTHT L d
PERRAR R . SOni R, K/ — 3y 35 3R 05 DLkl
BT H B4 TS0

1.2 SKWFE

LI A S LAV BRE RGeS, LR N4 Lo
HR A 101 52 36 45 2R, T 61 S I 2H R 1 X R 2
(Fe 1) P 9 77 3 18] e B 1y 35 2206 DL BEHIL A
BB b, M0 . % IRBE R 40 R
(F2 1), H 81 B Ly 30 40 i 25 TR %) 8 TR0 A B 8 AR
o, AR B B3 AT . SR AEE IR AT
AT, WREBE R (18+1) °C, pH (7.5+0.1), #hJ¥
25+ 1, 256 I 45 B 24 Wl 8 1 UCORT BE R, A
PRI 56 240 i 2 P O A E
R1 BHEIBSANPMESKESTE ORMEAE
S
Tab. 1 Cell densities of A. anophagefferens and

T. subcordiformis in each treatment in the toxicity test

TEYH M2 FE /(A /mL)
205 algae cell density
treatment M S FkE MDY A
A. anophagefferens T. subcordiformis
=il HA 1x10° 0
i MA 4x10° 0
R A MA/NT 4x10° 6x10*
FHMEA  MA/LT 4x10° 6x10°
KA LA/NT 8x10* 6x10*
Rt A  LALT 8x10* 6x10°
MR control 0 6x10*

e SRR R ORI e Rk RN
RV BEAN T SR 1 N IE R R BT QIR IY A 8 AR A RIR
RIRVS AP

Notes: HA. high cell density of A. anophagefferen; MA. medium cell
density of A. anophagefferen; LA. low cell density of A.
anophagefferens; NT. normal cell density of T. subcordiformis; LT. low
cell density of T. subcordiformis

BREI A N RSG5, 3. 6. 12, 24/Nit
M2, 4. 6. 8. 10, 12K, %K 45 40 bt HLEL
IAATREIEAT M o B T DL A R 2 21 5 40 72 4y

B S FH W04 0 A BRER K v R ROk, DL 4Rt
J5 B AFE AN F—80 CCLRAETFIN .

FESRE G . F1 2 1089 Fo A A REWE Tris-
HCIZE M, VKB 4514 T A ZUAI RIS K5
FLFE4 °CF, 4500 r/minf 025 min, B ik
f7SODIE . MDA | GSHX 2K [ 5 & 2 [ 52 o

SOD. MDA . GSHFIZE (A ik Jy 74 4 4%
X7 £ (SOD, A001-3; MDA, A003-1; GSH,
A006-1; &I, A045-3340W [ R st dt A= T
FEWFFE BT U I 61T o

2 4R

2.1 ARIKEEMEXTI5EENE NSODE M /Y
A0

Xt B ZH 1E24 h22 N SODIG L2 5%, M T
XPREAL, 28R T oM . ik EME Skt
35 220 U1 () SODYE 1 7£ 3 hivh {2 & T = (P<0.01),
Z J5 SODIFE A P AR I 48 T 7 22, HI0] 1 &
FXF B4 (P<0.05), IRABWELEAHF, 12 h
P, BRARAM A 4 b 35 320 DU SODIE 1 3L T
Se AR S T SRR T = N sh Ak,
AW SODIE ML B A8k, T #E24 hit,
SODY P 3 i 2 7} & (Kl 1-a)

FFE2~4 AT, AT XIRA, ik
35 % 05 DU SOD I 1 34 32 3| W 3 1Y 15 F:AE H
(P<0.01), TIMEBORITIR, ZEE T HMHIE &K
2NV B 4 v 515 2R G DL SODYE 4 A Fir e I EL 4
R — BN RUE KT, oAt 45 52 50 20 v 35
205 DU SODIE M W S 3 Se 5 S IR il . P
SHMF A, 12 di, B IR A
DL SODIE M ¥ 80 i T a3 (1& 1-b)o

22 TREREEMMX IR IMDAS 1)

AU

X} AR 4124 hI MDA 484k T0 i 35 22 5% .
TR T PP e R RN v B P A Bk b i 35
6 DUFE 1 hFl3 hisf AR P MDA & i i 622
b, TFE6 hisf MDA 2 BRI 35 B eI . 441
TR A A 35 3206 DL MDA /= 756 hi 5 X 18
HAY, 120, RAMDAER¥A I, Hrp
T T Mk I S EREE P A L R
T H 32 vh 35 R G 1 MDA & & 335 5 T4 IR 4
(P<0.01), HAKAAMDAS & 5T A ML, 24h
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Effect of A. anophagefferens and mixed group (A. anophagefferens and T. subcordiformis) on
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E1 24h(a)2~12d (b)E
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ko o
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% R 3 (P<0.01);

Fig. 1

SOD activity of P. virids in 24 h (a) and in 12 d (b)
1. control, 2. HA, 3. MA, 4. MA/NT, 5. LA/NT, 6. MA/LT, 7. LA/LT; “*” means significant different (P<0.05), “**” means ex-

tremely significant different (P<0.01); the same below

Fhf B (P<0.01)( 2-a).
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fbo #E6 AW, SEEGALNG D MDA F & 5 X R4l
A ZE AR o 8 diy, A vy e 35 410 £ 46 Bk e
MDA S 7 B 3 5 T X 4L (P<0.01), {HEEG
MDA & [ ZE 50 A AKCER Y, AR
MDAZE b AR 5 5% B2 AH L (5] 2-b).

23 FREIREEMIX HRENGSHE BHY

A

YR fE24 hWGSHE B LR FZR, 6
hisd, R . PR E & & BRI A GSHY &
FAK T X IR ZH (P<0.05), H M6 hITHh, GSHE &
ARLL /b, AR A 4 GSHE 575 0~12 hisf tufi
TR & &, 24 Wi, HIEA4GSHE B
FART XS R (] 3-a)

TR A5 R N GSHE AN S, 5

6_

Wi

MDA /(umol/g protein)
MDA contents

I
H

SHRRZHAH G, BEE2 A, 4552564 35 2R 1 DAY
GSH& 2 i E % T X B 4H (P<0.05), IREHAS
A E S REAMERNK, FIRFHH
GSH/K - 3£ [8] T 22 X6} iR 20 7K SF H.F 28 6 K B 7
FXF R (P<0.01), PR i vk 10 4 BR s 41 7E
5 8~10 K I GSHE 11 KM T [ I i K T XJ B4l
(P<0.01), 2B 12K 3 0] 7} 28 X BRAT K-, 3%
A b RR I S R S5TR A 4 35380 I A GSH
AR A 2 (513-b),
3 g
31 ARGREEMEITIEZRNEISODEMRY
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Fig.2 Effect of A.anophagefferens and mixed group (A. anophagefferens and T. subcordiformis) on
MDA contents of P. viridsin 24 h (a) and in 12 d (b)
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Fig. 3 Effect of A.anophagefferens and mixed group (A. anophagefferens and T. subcordiformis) on
GSH contents of P. viridsin 24 h (a) and in 12 d (b)

A DL e A 1 Az A T 38 I R B . AR IR R
WY, AHIL T XA, #EETHRfhm . kB
B4 BRE P 0 35 3R 1 D SODIE s i Aisf ] Py i 2 T
1o, T R AR R ) A < KR A ST P BT
XoF 535 ZR 0 DL B PR A R G A S TR EE 6 d
J5 AR A 2H 35 2R TR DL B9 SODTE M T iR T
R, B B0 IR KT, 1B AR Aokt
A IR EE 0 30 AN T3S N OB AR T
P& SR A, REELRAPIETRIG
DUAYSODIE METH e e e, B IR & e S 5 4H v Y
MO DU A i AT LA A i 006 4 3K s X AR AR 1Y
RS AE T o 6~12 divy, TR & i S50 20 vh It D1 Y
SODEPER ML MEIAE AL L . X HRZH
SR AL, ANJESENG DL (M. coruscus)iH L H %
SODIF M #E Cd™ it F R B <81k T 5 Ml
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it 5L S TR 5 DL P O ROS [ Y, i %
WiREAR T MDA &, HAESLI A 12, 24/0HT
40 35 R T DI MDA & i BAS [) B2 5 i 388
Z 5 SR RS B2 A S 1 KT, RIS 8K,
FEAN VR BE 3 Ja R, PRk, A
TEFA =T RS b R EN R IR, B (Sparus
macrocephalus)FLIA BT E AL B R 5016 T2 AW
b 3 ARG Bl 18 DA 4R LR fRR A, i e L
22U MDA F 2 S I SR U, AR S5 b A 4]
iR DIMDA & = (193 2l AT BB LR A G

3.3 ARIREELEAEXT 53R M D GSHIE M /9

0

GSHZ 3l Wy 1A P o 22 1 K PR B A Ak
A B B AS B Y SR TR HL, O, 08 i Ry
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(GPx)Z 357, GSHAE ik J5t i F2 1 IS ¥ s A
T 9 A T 0 L AR AR R, X AR
H 5 AR 06 DL GSHE BEAR XA 2, 4% 5L 4 4
3 R i DL GSHAS B 7E2 AN B 2 (i H 2
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PG DU GSHE AR AR 2, Ul DA £ 4 Bk e
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Effect of Aureococcus anophagefferens on the antioxidant
enzyme system in Perna viridis

XIE Lei *, XU Xiaojiao®, JIANG Tianjiu "**
(1. Research Center for Harmful Algae Blooms and Marine Biology, Jinan University, Guangzhou 510632, China;
2. Key Laboratory of Aquatic Eutrophication and Control of Harmful Algal Blooms of
Guangdong Higher Education Institute, Guangzhou 510632, China,
3. College of Life Science, South China Normal University, Guangzhou 510631, China)

Abstract: Effects of Aureococcus anophagefferens on superoxide dismutase (SOD) activity, malondialdehyde
(MDA) and glutathione (GSH) contents of mussel Perna viridis were studied by feeding P. viridis with pure cul-
turing A. anophagefferens and co-occurring algae (4. anophagefferens and Tetraselmis subcordiformis). Mussels
fed with 7. subcordiformis were set as control. The results showed that A. anophagefferens significantly effected
the antioxidant enzyme system in mussel P. viridis including SOD, MDA, and GSH. SOD activity and MDA, GSH
contents fluctuated after P. viridis exposing to A. anophagefferens. The high and moderate cell densities of A. ano-
phagefferens can affect the SOD activity significantly within a short time (3 h). SOD activity in the mussel expos-
ing to the co-occurring algae, by contrast, increased slowly, suggesting that 7. subcordiformis can prolong reaction
time of the antioxidant system. Compared with control group, GSH content in each experiment group was signific-
antly reduced in 2 d. GSH contents had no difference in the mussel exposed to co-occurring algae and pure cultur-
ing A. anophagefferens, which suggested that 7" subcordiformis has no positive effect on restoration of the antiox-
idant system in mussels.

Key words: Aureococcus anophagefferens; Perna viridis; Tetraselmis subcordiformis; antioxidant enzyme; brown
tide
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