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o' H OX'® EXxEY IWE'? F4n’

(L EREREERAFEFESSRENEELATRE HR 2660712 PEBEEMFAAER i 100039)

R’RE FAMBETF A% (ATHK Fo AT-6 % 4k) R ¥ Wb &k 3% (ACDH 3% £k ) fo %
ANEFLAE(AM-1 EHR)WPPEESERABRUREMN AR BREFRE e 4
HEREEHNUBRAREA - BEBEH LAFEAT-6 E/H AL KELNEEE PSP, HRXET
Bk % ATHK &%k £ 5\ A% ACDH i NEH WL A% AM-1 3= 4 PSP EFE, RE4 E
28 % 19.74 5.395.5. 57fmol/cell(2.60.0.36.1. 61pg STX eq/cell) , £ T L kX % AT-6
MR ZEFRE A X "R EYHL AT TR, BZ T L A% ATHK Fo
% T 1l A % ACDH B 96hLC,, 4 %1 % :200 Fu 1200cells/ml, 7 4 /N T Jfi b & % AM-1 £ F
Fgwe 5t TR, BB T oA % ATHK &R ¥ 5 LU kA % ACDH fuff /N T i Wb A % AM-1
# 96hLC,, 4 5| 4 700011000 ,16000cells/ml; 3¢ F 4% & , X = #k 3 By 96hLC,, &+ # & 3700,
4000.20000cells/ml, W EHF LU AER =LY NERANSH PP EFLEMARLE
BWHAXR LEREATERER MR DERUYN., BEZEH L A# ATHK £ A4 4 2
A=A ERURARERA - R OREERAERN AL DN TR N EFE,
FEARAFARBANRE G2 RFAER N, ERITNFERAT TR AR ANEY
AR R L L, EX Y AN FFA BN, WEARKRA . AHER LAENSE
MANEEZN  AXFFAEDHLENHNEFHE  RPSPHEEH  TH LA TREFAE
K EM IR,

X8 THUA%,PSPEE R, BEFRIT ¥4

hESES X355

# #E % (harmful algal blooms HABs) f 35 VIOV & 4 i3 A 2 B 85 R I 7 1L K3 (Alexan-

ERRNARBEATRETETEBENRA
£ U1 (Smayda, 1990 ; Burkholder, 1998 ) 4/ H E
TR —MEFEEEERX, —SHAMAEYRT 4
BB ANREREMAEGHBEFERNHZXE(Van
Dolah,2000) ., B 20 42 80 4R LA, 75 B 3 X
BEMBELEYNERRENERNAROTFHRZ
P E M ( Landsberg,2002) , BT FHILAHEE—
it RS AR AEHEOEREENR
7 7 & PSP ( Paralytic Shellfish Poisoning) &) 7 i
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drium catenella) 7+ ¥ (B & 1.4 ,2003) ., HEiH
PAR RS F I J WL KRB ¥ AR W O B LR A
HFEAREF B (Ogata et al,1986 ; Lush et al ,1996;
Yan et al,2001) , HH FRAREREHREZEH T RE
S 7 1K 3 o BR B R R AR W 43 AT Y, B T
DI#HIT RN HERIR. A#E—-2THRTE
B RBEREEREIH EEHNFHETRE
RIS W 7 1L K3 (ATHK F1 AT-6 ¥k ) |
FERE 7 1L K% (ACDH 3 Bk ) MU/ T B 1l K
BOAM-1 3R) , BEAT T IR RN B8
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Z PSP W HEHR, FUR R BRI MES
R LBMER, PR EBEN=ZREENEY
(HEBRWHY BHEPREREEK), LBETE
T X PR TG R34 BT IX = F B g 3 A
MRFHERN, FHENTEHLRENEF
BLH o
1 #REH*
1.1 XBHH

B Bl K (Alexandrium tamarense )
ATHK 30 B A BHEFBER, R EHILX
¥ (A. catenella ) ACDH ¥ B A A B K ILO%W
B, /DT 1 K8 (A, minutum) AM-1 38k B
HER, X k¥t B KR ME A7 4 PSP
F RSB ILAKH AT-6 3£k Dr. D. Anderson
(WHOL,US) 424, NBIR B LB = H F R M35
Fo MATEHILRENELKENM 2L =A%
LA f72-Si SR FP SR, /NERBE IR BRI R
WLREA (20 £1)C, 6 R A 30001k, YL B
Hog 14h:10h, S AR BAE K PO BB A T
B, LKA, RERUESFRABEERS,H1.5ml
HHEHY T BECEHME T RBEARERE,

48 B ¥ W (Brachionus plicatilis) 1 B #8
BB AT ( Neomysis awatschensis) Z2 94k, F£ P B #
¥RBHENRFTERIFERLEREANELELNE
SEHESF . 8 fh (Lateolabrax japonicus) M T H 5
VDTOoH , EXREVWHF—FARATILE, LK
B gh AR E R (2.5 £0.2) em, 1B HEEAF A
87 £ PERLEK) 151 L (Artemia salina) R B4R KB 9
NSRRI T2k, S WA XE,

LEHKAEERK(RBES KA. L
YUk TLNE, LRI WIEFHBKEBIEM T,
RSP AIEMG KL 0.45um IR & ST 4 SR Bt
B EHAREXERKE(121C,20min)

1.2 XBFH*

1.2.1 PSP HEEAW—RBWAH G (HPLC)
173 43 5 BX 50ml 3% 35 W Jy 1h K 3% ( ATHK
AT-6) BRI Pl k¥ ACDH KA/ F th ok
¥ AM-1 3k & 38 ¥ ( Whatman GF/C) £, &
T -20C kA PR 77, B 7§ HPLC 77 B XA
E&8., 58 5% Thielert 77 % ( Thielert et
al ,1991) BB RIT O HERERMILR
KB,

Sytrid Bk F B % R ¥ 28 HPLC 4%, & ¥ X

IR 3 BB AR 91N Sigma R ARHER R A M
R, HABWACEA MR e, WAER
it Fl/k B 2 Millipore # 4l K i 1B B B &
aEK,
1.2.2 FHBMNEE RALEASA S0ml
AR ,30ml SLH W, LT R R A FULRRE
12h, 1] 80 FHEBVE AR FF AR B AWK R,
R RRAEERN 10 ~/ml, LR FEPERER
¥E3N 1, pHEHF8.0x0.18, REXK,BR
24h B EBEA P BRI R, R BB
ZHRFFERBEE, BB /NERE (1 x10%cells/
ml) i SE 5 41 1E g X B

BEFETSF AN BHERN TRESN
1L Be#F, 47 10 REEF[ (5 = 1) H iR R %
BIBRAF NIk ) a5 8 B (2. Sem A KRR 1T
ERsa g6 ) ,800ml LR W, BEMERKE
BRI (20 £1)C, ELBEHBIZE 33 21, REIKT R
BB RERER (% 8 BB BRI TS Y ,48h #:
— WAL, DA R R o ST A R S
BT RHAEYHETRET 10% ),

BELBHAPEFERITOER in, 84
EBRHYR=EAEE, LBHIT 96h, WEIHiC
2448 72 96h B FIFF IE B R A R ¥ A BB S

£1 THLUXRNEMBUERNEXTRPORTEEIT

Tab.1 Algal density set in each experiment of the effects of Alexandrium on marine organisms

R ® H

B IF &

A. tamarense( ATHK) 0.1,0.2,0.3,0.5

A. catenella( ACDH) 0.1,0.5,1,2,3
A. minutum( AM-1) 0.2,0.8,1.5,1.8

A. tamarense( AT-6) 2

0.9,4.5,9
0.2,0.5,1,2,3,4,6,10
0.2,0.9,1.4,1.7

10

3.5,4.5,5.0,6.5,7.5
0.5,1,2,2.5,3,4
0.2,0.8,1.4,1.75

10

I :A. tamarense( ATHK) .A. catenella( ACDH) .A. tamarense( AT-6) i) ¥ i & x 10°cells/ml, A. minutum ( AM-1) {3 B

3 x10*cells/ml
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14 Br  TESETURD/ BRI 1L K3 (Alexandrium ) 3 ¥ 19 b BT 5T 57

1.2.3 EHEHILKE ATHK FH 43R R
IR AN LR RERERKPHR
B 7 1l oK B 3 W (cultrue ) Y 20um i 48 3
78,48 3 3 o 38 W ( cell-free medium ) 1 38 41 fig
(cells) , BE4H ML LR 75 P 40 f My E DL BE )5, B8
DR A M B (cell fragments ) Fl N & 99 (cell
contents) , FRF AL U HFHEE KHEEIAMNY T
HAMMBE R 0.8 x 10%cells/ml J5FLK, L
BAEYMLRITESHEERNLRMHER.
1.3 HiEeE

R 4EE W Pyl K3 (ATHK #1 AT-6) &R
WPk 3 ACDH AU/ IE B Lh K 3 AM-1 DL K
PRUERE R B9 BOBAE B 3% (HPLC) 2 47 B 3%, 4
X =HENERARFTESEATNE R,

REPERON LI DL O6h B i ML OB M R B £ B A
TE RS HIXS UK B A B BRI SR AT B A,
RS E AR BT BB E K, | 96hLC,,

DA iy IR A8 96h B OFETE SR IR B 3D

WL KBS ASEE, BR R MR,
2 XBER
2.1 MHKEHLKXEPSPEEANRHASE
VOBRYED I KB PSP HERAM M H S ES
P RmE 2 BRSBTS AT-6 BHRER
W E) PSP B &, MK B P71l k¥ ATHK &R 5
11K ¥ ACDH Ffg/MIEF L K3 AM-1 ¥g/=4: PSP
HEHESES YN 19.74.5.395.5. 57fmol/cell
(2.60.0.36.1.61pg STX eq/cell) , X =HBHHFE
AR BABRKER BHETH I AE ATHK HEFE
HM R EH L KRBEABNEH LW RKERER
. RMEMASIMEENS, BBEH L KE
ATHK PEFHEEM CTXI 456 Ml CHE I HF
AERER L REMBUNE L KEFREA B
STX;#RETLABRFESH CHE, ANSHEL
B GTX1 3 4;MUVMNE WK E FESH GTX1,
234 K/OBEH neo STX B E,

F2 BETHLXEATHK 1 AT-6) $ERIEH 1L X (ACDH) FH/MEH WX (AM-1)
BRAEAK RS R (fmol/cell 5 pg STX eq/cell)
Tab.2 The toxin compositions and contents( fmol/cell or pg STX eq/cell) of A. tamarense( ATHK and AT-6) ,
A. catenella( ACDH ) and A. minutum( AM-1)

g A. tamarense A. catenella A. minutum A. tamarense
(ATHK) (ACDH) (AM) (AT-6)
Cl 1.098 0.357
Cc2 5.756 4.79
c3 0.125
GTX1 ,4 5.025 0.157 2.03
GTX2 0.063 1.62
GTX3 0.967 0.004 1.81
GTXS5 3.832
GTX6 2.636
neo STX 0.206 0.11
STX 0.152
PSP & & & (fmol/cell) 19.74 5.395 5.57 0
PSP 58 B (pg STX eq/cell) 2.60 0.36 1.61 0

2.2 MERIE G5 LK a3 | R 48 5 AR MR A0 44
BB

F3 BT RE BBFEIAR A ) 96h 17

15 2353 55 M AR B 1L K 3 B 7 P AR 6 6 R A

VORI 7 1y K 3 3 = Fh AR M5 89 96hLC,, 35 T W B

U1K 3E AT-6 X4t | 78 45 B B0 UE A % £ 3% = b A

YREA AR ;X T8 8, BT 5k
ATHK FigE R W M ih K # ACDH #) 96hLC,, 4¥ F
$7:200 F1 1200cells/ml, 7 1% /N W 5 1l K 3 AM-1
BT A F R o X TR AR, BT H ok
ATHK 48R J5 1l K 3 ACDH MUNE Jih K3
AM-1 ] 96hLC, 43514 : 7000 11000 ,16000cells/ ml ;
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Fig. 1 The effects of different fractions of A. tamarense
( ATHK) on the survival of B. plicatilis,

N. awatschensis and L. japonicus within 96h exposure
a3 b BIBPREF; c: 956, AT B: W,
C:HAMEBE; D AW, E.WAMHH; F. ¥

MEMABEY, *P<0.05, #x P<0.01

Xt F 85 £, 53X = Bk % B 96hLC,, 4 B K 3700,
4000,20000cells/ml, & B3R, =8>3 T 5 1L
KEXN=FAEWRHFER/NIF RIEDTH L
K¥ ATHK > 85 R I 57 1L K % ACDH > /N i
IKHE AM-1,x52.1 P =HKEPSPEELE

BEFF AR F, T B /N E B LK% AM-1 B>
A PSP HER,HRREEAMAEE, FTUERE
B, BN, SEFENEDNTEER RS T
K PSPHESERHARLEENMRER, 7
R MR M TR
2.3 BETHLARAFASNBERAEHR

I —HHTEH L RREOBENS, EE
FEARPFF P LIS W LKA FIRFFE T W
REIAS 5 FI5t = F AP e m, 25 R il 1 B
N M (cells ) TH BV AN 3 WK (cultrue ) X =Fp 4
VIR RN B E, RE=RATEN LK%
1 3 40 L K B R R SR R IR A A
T o e L 8 8 A B S B i, (ELRR M A 0
A BT P SR P9 25 4 2o 3 U FIDR Rt E B L {H
SHFAMNEEAE —EF M. KEENFHEE PSP
FEFETHARASTY T, RYKEMK PSP &
AR H R BARIFSET He MR e S
PSP R AKX, LI EGRERH,EH ILKEXNAF
A B ] BB AR A R B fe E LA
24 ZHEBFEWHNTERUXRENEBELR

B2 8B/R, 5 FIELEH LA ATHK fié
RIEPTILKBE ACDH, R Bl R I R, R G
MR B o5 £ A OF ;R X T R T ok B
AM-1 BRI A0 B R S SRR, Ok B, 56 e i FF
BILFRAEZIANEN, AATUER , & F
YA GERMABIEHNER, BN AR E
R T 1 R ) U AN
3 WREHIE

BRBE X KEEFE K P H X (Hallegraeff,
1993 ) i 1% 2 68 Z0 ( Matthews et al,1996) R AI fE 5
AW T Hbl FoHaHEIFTE P RENE
S,REXBRTRRABARSR, HRBKEFR
HEAZINEEEB/NERILAE AM-1 K&
X RALBEHFASER LR AP BE; L
5 v B O B/ T2 LK O A v R
) 32 /N 415 5 B A 38 30 7 1L ok 3 ATHK Fl 8%
ARIE A 1K 8 ACDH X A= ¥ 59 % W, o] DL HE B 2
TRTENAYNETES AR BL N HEBERH
HESH MR G

] — bk 3 B9 R 6] 4 4 3 = b A 0 60 R e R
FRPAZLEENAFAEDWEENRHTEEEZR,
ABRPRE RIS AR REENEE
YL, ENRNERZER RERENER RS
AR EEURAMBER T, BEEAMNE
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15 B % DUF/ BRI B 1L K 3R (Alexandrium ) B YE () L BEBE 52 59

£3 hph BERFRENGENEFERESNEEHLARREEN
HEXRREHRIE LXK TR = # 44 i 2 B JE % B (96hLCy, )
Tab.3 The relationship between the survival rate of B. plicatilis ,N. awatschensis , L. japonicus and the density of
A. tamarense( ATHK ,AT-6) ,A. catenella( ACDH) ,A. minutum{ AM-1) ,and the half lethal

concentration of four strains Alexandrium on three organisms within 96h exposure

£ & R FRAF & fa
% 96hLCy, 96hLCy, 96hLC,4,
HEXR HEXR HEXR
( cells/ml) ( cells/ml) ( cells/ml)
A. tamarense y = —0.2491x +103.47, y= -0.0056x +90. 255, y= -0.0136x + 100.09,
200 2 7000 2 3700
(ATHK) R® =0.6973 R% =0.8755 R® =0.8679
A. catenella y = -0.0392x +94. 834, y= -0.004x +96. 177, y=-0.0173x+113. 13,
2 1200 ) 11000 )
(ACDH) R? =0.6693 R* =0.916 R* =0.7594
A. minutum y = -4E — 082 +0. 0003 + 132. 78, y = -0.0036x +108. 58 , y= —0.0025x +101.98,
>20000 2 16000 2 20000
(AM-1)  R? =0.5309 R* =0.7849 R? =0.8532
A. tamarense 2000 10000 )
> > >10000
(AT-6)
200
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B2 96h B Iy Ll A ¥ ATHK (B4R W 7 L K3 ACDH SIS/ TE 7 1 A3 AM-1 %tag st |
REFRIFAG A FENE R
Fig.2 The effects of A. tamarense( ATHK) ,A. catenella( ACDH ) and A. minutum ( AM-1) on the survival of B. plicatilis,
N. awatschensis and L. japonicus within 96h exposure
E EBEH LA ATHK ;& 50R T 10 A3 ACDH; F /M i1l A3 AM-1,
—O0— R, o BEWPMAT; —— &
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ok B, 0T IR A B EERIRR T T 68
Sk B 3B A B SR v I, 7 VT R R 1 S 1K
WA R ZE BRI M 6457
EHAK, BEVRBERERETKIBRTFREALE
HARNATMZRREEEM, SHEIFHLL, 86%
BESHEHEDY, XS PSPEENAKAETY
B4 B 1 T Sy SR 5 B A DI T G o A R A R
RS EEYEmZIEE, Bk, 2ES
EHAREEEEHM IR REEBABRKE
B EZHERMEIRRNR, FHEELRERE
AERLEN, BERERBAEFRB TR ARE
HES RS G RRIEME,

PSP HEESASHAFMAKMERIE, €
TR Bt e+ @ E BT, BEREL A5 Bh fE e fir
R B, R RS P M 2 B LU RS R
Y KB 8% LA B 45 40 B A9 15 B ( White , 1980) , A<
WMREGREZW=F L ILKERT ™4 PSP #
R EFAT HhFrEY R, X = Ffi A 9 5000 5%
HEFEPSPHEETETHEEEW, EUSEHHAR
& Lush £ (1996) .Simonsen %5 (1995) th %G & H}
WHILKERE A —ERETEHM PSP HEEW
FEREE, HEMAMR P PSPERERNIESKRAE
HYRZERR, UEFERZREX £ =L B
ARBHIER  EFHFTRAAR. B, 22
4 T P 1 K3 S F RO, R E M
PSP B &M 1EFE 57 H % 8, & % B P K
7= AR 1 SR 0 T ) R VT RE 3 B R IR,

AR P UKERER T EHILKER,H
HF-EW PSP ERERMWMLABEERTRASN
& BAFER K ZET, Anderson (1990) 11 % % iE
WHILKENAFM =AW PSP ERARKL ST
BAR R, UYL REXNN =MAEYHE
HR/MEAHER, RAOFEEY RO X NE LT
EER. A EHLRENEHELSZIHRF
BEFMBRE LR LE FHINEERLMNA
LU RIEREH L RERS, B TER LK
BEANER EMERAYMEBEREASHEN
MR A TR R, R & X 4y B i AT B i A
LK ERRFER, A REXT H AT 88 7~ 4 M i E 4R
H TE 8 1 1 BT o

GEHRAREHLRENTERME
29, XA R AE W i S E DL AR AR ], B PSP
BERAEHILREVTERZEX BN E®EY
BEo B, B EE Rtk X I P71 R AT SR A

YRR E W B, 7% B PSP §
AN Y BT AR A B R, X
BEA BB X L BB £ T AR 1 2T L HE R BRI BT

B  ARFTOCR ZEZRENKEHENGE
HTRFRSN,BRMERE EHERFES
PR LK PSS,

2 £ x ®
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TOXICITY OF DINOFLAGELLATE ALEXANDRIUM SPECIES

CHEN Yang'?,YAN Tian' ,TAN Zhi-Jun'"* ,WANG Li-Ping'? ,ZHOU Ming-Jiang'
(1. Key Laboratory of Marine Ecology & Environmental Sciences , Institute of Oceanology,
Chinese Academy of Sciences ,Qingdao 266071 ;

2. Graduate School , Chinese Academy of Sciences , Beijing ,100039)

Abstract Alexandrium species are major HAB ( harmful algal bloom ) members. To investigate the toxicity
and its mechanism of Alexandrium species, PSP toxin compositions,the contents of four Alexandrium strains .
A. tamarense( ATHK ,AT-6) ,A. catenella ( ACDH) and A. minutum ( AM-1) , and their effects on rotifer Bra-
chionus plicatilis ,mysid Neomysis awatschensis and perch Lateolabrax japonicus were studied. The PSP toxin
compositions and contents were analyzed using HPLC method. And the studies of effects were carried out
through 96-hour acute toxicity assay. The results show that A. tamarense( AT-6)did not produce any PSP tox-
ins , while all A. tamarense( ATHK) ,A. catenella( ACDH ) and A. minutum ( AM-1) produced PSP toxin,and the
PSP content of them was 2. 60,0.36,1.61pg STX eq/cell,respectively. A. tamarense( AT-6 ) did not show any
adverse impact on the three organisms, while for B. plicatilis, the 96hLC,, of A. tamarense (ATHK ) and A.
catenella(ACDH ) was 200 and 1200 cells/ml, respectively. But B. plicatilis was not affected by A. minutum
(AM-1). For N. awatschensis,the 96hLC,, of A. tamarense ( ATHK) , A. catenella (ACDH ) and A. minutum
( AM-1)was 7000,11000,16000 cells/ml,respectively. For L. japonicus,the 96hLC,; of these three stains was
3700,4000,20000 cells/ml, respectively. The toxicities of these Alexandrium strains to the three organisms
were not correlated to their PSP contents and compositions directly, indicating that other non-PSP toxic sub-
stances may have caused the toxicity. The toxicity of different fractions of A. tamarense ATHK culture to the
three organisms was also compared and the results revealed that the culture and re-suspended algal cells
showed strongest adverse effects on B. plicatilis, N. awatschensis and L. japonicus. Cell-free medium and cell
fragments reduced the survival of the mysid,but had no adverse influence on the rotifer and the perch. The cell
contents affected the survival of the perch,but had no deleterious effects on the rotifer and the mysid. The
above results demonstrated that the toxicities and the harmful mechanisms of Alexandrium varied among spe-
cies and strains, and the algae could produce other non-PSP toxic substances.

Key words Alexandrium , Paralytic shellfish poisoning( PSP ) , Brachionus plicatilis, Neomysis awatschensis,
Lateolabrax japonicus
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