%35 &5 8 1
2011 4E 8 A

/S S ¢

JOURNAL OF FISHERIES OF CHINA

Vol. 35, No.8
Aug. , 2011

X EHS 1000 —0615(2011)08 —1158 - 08

DOI:10.3724/SP. J. 1231.2011. 17379

$8) % i 7 5 X Be R S B AR 4h 4R 7 7 K AR JL B 3K B 2 T

1 , 51 v 1 1 2
AT, XAET, £ K, 2 %, DIANAJS
(1. PR 2 A TR K P R B IR A 48 S R A A A R i =, B 2013065
2. School of Natural Resources and Environment, University of Michigan, Ann Arbor,MI,USA)

WE: VARG EEA TR BRI om, K KR RIS KRS R E AT B IR E
B4R SR B SR VETRE BT T AR B XY 4 T R R N A RORT R R AR A A A R
oo O o 28 % Z (THCs) (i # & & & & & B R L4 B (LB (T-SOD) (1 &
fe 48 (POD) (Bt A ft 4 B (PO) DL R 48 # Na'/K'-ATP B iE ey . R KW, (1)
BREMASHEREDERRYTOEEE, (2) BHUEXN,1.0x107/mL XU E
RENARMERREER TR YT RRENFLE, A —CWHARL, B
WG N TR R M B AR . (3) v R B R A% BB R AR 2 R B B, THCs & &
BldaeEAehAREERG AT EZAGERATAAL, RAES d i 2EK T E
#(P<0.05),PO EMA R I 56 B 5 (P <0.01), B 5 XA BT A il 3 2 %
o & P & T-SOD & 7 £ 1 d & % 2| ¥ 4] ,5 d MW E 2R E A F;POD FEHXALLE
FMHE(P<0.01), B &G XA i sh % 882 % Na' /K" -ATP B & - & £ &
1dEEFBEM(P<0.01) FEF, FRAEFERT AT, ARERLN, GRENAR
MERRERTRKEETY T FERLFBRRF R LT RRALHEM; T 7 KEE TR
AR EEAMARBNR A, Dk C N BFEEAEN, REERZHEEKEE

JRAT 2 7 1 R B O AR R B AR

KW FAMER; TREET; FEXR; BH%H; &

hESES: S917.4

i EC BB WE ( Procambarus clarkii ) 22 15 {5 74
R MIESIRAKOK S, PR EESE , BREEIT 2 5
IEAERAETAAL VLIRS HAR BN 2 R0 . SR, 77
FEAKARIA) & E SR AL, S BUR 2 05 il 85 B K 4200 %
R B AT K A R AR
Mz R 22 10 AF R RE BT IESE , 3 2RK
A H R 4] 2 A 3 8% ( Mlicrocystis aeruginosa) N A
BTG ZOUH R ) s R R B R Y K A
IR L, i Z T K AE A Y R BRI
BRI, 457K 7 FREH A N (g e ok 7™
HIEHE . HHET, A CH 2R % 30 o [ 2 AR
SEM B R

ARG 5 LG MR 4y B Ko 8 0 5% 2 AE AN [F]

Wi BEHE:2011-02-17 1& B HEA:2011-05-16

XEFRERL A

YR TEE S o ol 0 B T P, R 5 LT Sl R A A7 1
SR FIRT FSCHT I 37 o A 0 240 i % B2 ( THCs ) |, Il 7
HhOL i S R A DA 2 2 AR A W B A T
(SOD) .id % LYyl (POD) | B S ALY g (PO ) 0
22 Na® /K™ -ATP BHEPERIR2 0, Hm i
TIOULEE T 5 AL B LS 1 Al 2 I 2 B 0T 4l A
DA IR 40 e 45 0 8 2 00, L2300 A 400 i 45 g
DIRE A7 TR 1o 5 2 T 0 X o R i B A ) 2 1
TRV, AR SRR PR — R B K

L MRSIE
1.1 SRty
o QBRI AR - (12,09 £0.98) mm,

FHWE : LW HH Z G 2P UTEE I H (09YZ277) 5 b e 7 7 4R RS B2 7RI 5T H (08QA1405900 ) 5 56 [ [ B 4 Jé 2

AquaFish CRSP i H ; | #7175 S 2# R g B (Y1101)

BIF4EE X, E-mail ; Ip-liu @ shou. edu. cn

http : // www. scxuebao. cn



8 4 IRMEFS 55 < ] 2 el B 0 PR S B MR A A7 B A TLAH S 14 52 7 1159

RSB HE : (99.20 £13.80) mg ] By FHFEFERSFIK™
B I B L 0 EE W K, R [ AR (57,52 =
3.84) mm, {AFiHE(16.90 +2.10) g]kIEF L1
WERGEIRIT R, LR B2 5% K
B, PR E IROK R T — 8. BEMLPk AR
& ARARL . D A fide 4 A T 55 8

] S R 2 v R BE K AR AR W I i
%, 0 BG-11 ¥y 3R 9% 15 d DL b, B R i
(20 1) C,JEME 12L: 12D,
1.2 ZWH*E

eI & SRR W SRR b DA
2 WA S e K A e A I P i DL gt
FE1.0x10°,5.0x10°,1.0 x10°/mL 3 kA
A 5 A 2 Tl 3 88 % e [ Dt 288 W 40 MR 0 238 1Y) 52
Wil DA W TH BE IR AKAVE N X IR, B % 3 4>
B, LA NS L e, SCi ol 4
L. FEPLPkIE 20 AR AR, B K iy $ i 2
W,2 d B — IR B IE SR FE RSO . DB A2
W EVERSET FRUE , B R GRS 15 .

AR EFAR B B 3T L KR A F S I I MR AR i 25
#8970 W i B v [G R B AR A 0F E T
5.0 x10°.1.0 x107.2. 0 x 107/mL ¥ & 11 £ &
R FR 7 d Ja KGRI o K mhk ),
i R SR A, B 48 2. 5% [ 1 1% Hk R
i, & BE &R 5 K. B KI5 3 AW s
EPONS812 {U 3§ | LKB NOVA %I {J] /i #L # & 1)
F T R Al R A58 IR 4 AU €5, e S FE Ik v e
475 kV it H-7000 ( Hitachi, Japan ) 3% 5} H 45
WL 20 L 2544

AR LA B B 3T S0 IR AR I AR T JUAY B 7 M Y

120
100
< u 80
TE
¥E 60t
s
& 7 40 - —e— control
—=— 1.0 x 10%mL
20 —a— 5.0x 10%mL
—o— 1.0x 107/mL

O

EAL S0 A S B R R 1.0 x 10°
5.0x10°.1.0 x10°/mL [ 3 52864, DA RIS 75
AKX HRAL, 41 3 MR . R4l 60 R K
IR, BEALIRAELE 200 L () SRFHE AR v, 43 510
550.1.3.5.7 19 KIS I 4 i %% BE ( THCs ) | i
T i, B A B AL (SOD) | i
ALY (POD) | Wy A AL Bl (PO) K il 22 v (1)
Na™/K"*-ATP Jif i 4, Frf THCs 2 BBk 3R 15
S5V 7 s, PO T ML E 2 BB ASHIDA™ 11y )5
¥ L5 7R R I E 45 4 JOHINSON 281 ) w5
BREE S 75 3, I WS A 1 4E 280 1334 nm
K B SR R WIS U, FH A 606 EE T 43 S
EHAE 280 Fl 334 nm R % % JF {H ODyyp, A1
OD..,,..; SOD .POD \Na* /K *-ATPase [l & %
T A AR W AR I

2 4

2.1 AEHBMZEERFMERENEREZIS
HRTEiE R A

o ER RS MR 1) 4 MR A7 176 65 A R ST 560 FH A
TR SR P AT B A O, R A A 1. 0
10°/mL B, &l UF B 7776 FEAR A Z R 0, 28 85 25 d
Je A A B B B T 5 3 56 2 T A7 S R A
95% , S RELHTCAl W 2 5% (P >0.05) . 2440
HH A E] 5.0 x 10°/mL B, 5458 26 d J5 715 %
LT XTIRAL (P <0.05), 24 68.33% . 2 il
WeHEIR 1.0 x 10 /mL [, 258 19 d JFA7E7E HA0CH
61.67% , BELT X BRAL (P <0.05) ; i 55 25 )
RGN 48.33% (K1) o

11 13 15

17 19 21 23 25 27 29
IfE] /d  time

1 RERE R SRR R T X 5E KR B AR 4h (k778 R R0

Fig.1 Effect of different densities of M. aeruginosa on the survival rate of larvae P. clarkia
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Fig.2 Effect of M. aeruginosa on body color of larvae P. clarkii

(a) morphology of the whole body; (b) hepatopancreas. A:control; B:1.0 x107/mL; C:5.0 x10°/mL.
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Fig.3 Ultrastructure of hepatopancreas of larvae P. clarkii

A cell nucleus; B:cellular organelle/ lipid droplet; C:cell membrane breakage place; D:vacuoles between Cytoplasm.
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Fig.4 Effect of M. aeruginosa on the THCs of
adult crayfish P. clarkii
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Fig.5 Change of the density of hemocyanin in

serum of adult crayfish P. clarkii

3.5¢
o control

3.0F @ 1x 10%mL

95l B 5% 10%mL
@ @ 10 x 10%/mL
N o 200

(a9

g 150

1O} ,

05¢ :

O I 5 1 :
B}

FfE /d  time

6 SEGMEEENRERFEERDFES PO &I
Fig.6 Effect of M. aeruginosa on the PO activities in

serum of adult crayfish P. clarkii
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Fig.7 Effect of M. aeruginosa on the T-SOD

activities in serum of adult crayfish P. clarkii
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Fig.8 Effect of M. aeruginosa on the POD

activities in serum of adult crayfish P. clarkii
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Effects of Microcystis aeruginosa on survival of juvenile crayfish and
on enzymes activity of adult crayfish( Procambarus clarkii)

YUE Ya-ling', LIU Li-ping' “, LI Kang', YAN Jun', DIANA J §*
(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources,
Ministry of Education ,Shanghai Ocean University ,Shanghai 201306, China ;
2. School of Natural Resources and Environment ,University of Michigan ,Ann Arbor ,MI,USA)

Abstract: In this paper,larvae of crayfish Procambarus clarkii were exposed to different concentrations of
M. aeruginosa(1.0 x10°,5.0 x10°,1.0 x 10" and 2. 0 x 10°"/mL) to investigate their impacts on survival
and the hepatopancreas ultrastructure of the crayfish. At the same time, adult crayfish were exposed to the
same different concentrations of M. aeruginosa and the total hemocyte counts density ( THCs) , content of
hemocyanin in the serum, superoxide dismutase ( SOD ) , peroxidase ( POD ) , phenoloxidase (PO ) and Na*/
K" -ATPase in the gill filament were detected. The result shows that: (1) M. aeruginosa can significantly
reduce the survival rate of crayfish larvae. When algae cells reached 1.0 x 10°/mL, the survival rate was
significantly lower than that of the control group on the 19 day( P <0.05). When the experiment finished,
the survival rate was 48% . (2) The hepatopancreas of crayfish larvae became darkened and hepatopancreas
cells were observed to be damaged under the transmission electron microscopy. (3) When exposed to the
highest concentration of M. aeruginosa ,crayfish acted a stress reaction; THCs of the adult crayfish increased
significantly and stayed at a high level after being exposed for 1 d. There were not significant differences for
hemocyanin content at the beginning while significantly decreased on 5 d( P <0.05). The activity of T-SOD
in serum was inhibited after 1 d, and was activated to a high level on 5 d. The activity of POD and PO
showed fluctuation trend. The activity of Na*/K*-ATPase in gill dropped significantly after 1 d (P <
0.01) ,then increased and stayed at a higher level finally. The result indicated that M. aeruginosa has
negative impact on the survival of the juvenile crayfish and affects immunity of the adult crayfish which may
cause loss of output of crayfish.
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