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AF3ma, FRAELIIBRE, AWER PO FFEATEREMN, R ALRELT.A 1 ml
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tion, ESDFa & F 4 X, #5547 A 4 & A Waters XTerra C18 4 (50 X 2.1 mm, 3.5 pm) ,
424 C18 (10 X 2.1 mm, 3.5 ym), %348 A 4 2 mmol/L ¥# 4 .50mmol/L FERE T 95208
sz 48 B A 2 mmol/L VB2 4% .50mmol/L WEKE T 4K, #wik A 0.4 ml/min, %k 4 E H 0~
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ABSTRACT The aim of the present study was to investigate the pectenotoxin (PTX) profiles
in seawater. Solid phase adsorption toxin tracking (SPATT) methods were adopted to adsorb
toxins in seawater. The toxins absorption disks (TADs)containing the absorbent were hung at
3m depth in seawater at the sampling locations (36°12. 428'N, 120°17. 826'E) in Jiaozhou Bay of
Yellow Sea from Jul. 28 to Aug. 29, 2006. After 4 days, the disks were taken out and a new
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disk was hung. The toxins in the resin were washed out with methanol. The methanol fraction
was evaporated to dryness, then re-dissolved in 1.0 ml 80% methanol. The 80% methanol so-
lution was analyzed on the LC-MS/MS system. The MS/MS system was equipped with an elec-
trospray ion source (ESI) operating in positive ionization mode. Injection aliquots were separa-
ted on a Waters XTerra C18 column (50 X 2.1 mm, 3. 5pym) connected to a C18 pre-column
(10 X 2.1 mm, 3. 5um). The mobile phases consisted of 2mmol/L. ammonium formate and
50mmol/L formic acid in 95% acetonitrile (mobile phase A) and 2mmol/L ammonium formate
and 50mmol/L formic acid in water (mobile phase B). A gradient was run at 0. 4ml/min from
35% A to 100% A for 11 min, followed by an isocratic period for 5. 5 min at 100% A. The gra-
dient was returned to 35% A over 0.5 min and left to equilibrate at 35% A for 3 min before the
next injection. Chromatograms of PTX-2, PTX-2 SA, 7-epi-PTX-2 SA, PTX-11, PTX-12a and
PTX-12b of extracts of seawater were given respectively. PTX-2, PTX-2 SA and 7-epi-PTX-2
SA were found in seawater of this area. The highest levels of PTXs (PTX-2, PTX-2 SA,and 7-
epi-PTX-2 SA) in seawater were found on Aug. 1st, 2006. From Aug. 1st to Aug. 29th, the
levels of PTX-2 and PTX-2 SA decreased. PTX-11, PTX-12a, and PTX-12b were not found in
seawater of Jiaozhou Bay, Yellow Sea.
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PR o A 21 20 7 0 T 3 PR R 4 0 T A ER AR IR T R AR T OB R 22 1 s B R I kA B IR
WA % W3R B398 8K (Blanco et al.  2005), 2006 4F B % A2 BT Uk A7 80 7% 08 BT B 420 km®, #
V J5E P VA VA AR 2 I 7 BT R BE 9 Dinophysis acuminata (ZEHEA S 20005 RS 2005), HEFHES
BETCRE R B K WK Th R R AR R B S K b B B R RN SRR B A O . A I RO R IR
ANBESE LR W AH R AR K Pl S A A — 8 VR R BE 2% o TRE /K TP A 2 2 R B A0 I b Y R 48 DL R A AR S AR R
Ja . LGE T B R B g A E A FE S E WM. 155 &R (Pectenotoxins, PTXs) & — 2% g 1 3
WREBEBEALEY , €& Dinophysis spp. re4z (Yasumoto et al.  1985; Daiguji et al. 1998; Wilkins et al.
2006 ; Draisci et al. 19963 James et al. 1999; MacKenzie et al. 2000,2005;Miles et al. 2006;Fernan-
dez, eral. 2006), T4 HIGEERMFERYA 14 . Hrp PTX-1.2.3,4.6,7.8,9,11,12,13 Fl 14 4> F
LM e PTX-5 A1 PTX-10 i AHRE , [F I i 75 3 8 7 76 T 8 R (PTXs-SA) (Miles  2007) (] 1), i
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PTXs 1 4 URHIE S A8 AL BLEE . 2006 4F 1) F 2 2l W B D7 vk 7 88006 e M 725 DL 288 9% FB X (36°12. 428N, 120°
17. 826" E) $ U T 1 /K o A4 i 28 3R, 7 90 1 5% 24 1 0 5 9T DL 2 52 90 5 R AT 1R L 1 0 40 4 A T R A, A
AW E T B IR T K P AR A ZH R E DL R R AR A AR A A
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PTX-8 CH,OH
PTX-9  COH PTX-2SA R
7 -epi-PTX-2SA S

K1 PTX-1.2.3.4.6.7.8.9.11,12.13.14 D) K PTX-2 SA Fil 7-epi-PTX-2 SA 5T 4514
Fig.1 Molecular structures of PTX-1,2.3.4.6.7.8,9,11,12,13,14 and PTX-2 SA, 7-epi-PTX-2 SA

PL 3 g HP-20 W Bk 7] 852 T FLAR 0 95 o f9 2R PR I A o 46 BB B 2 1o SE BT 4 A (Tracking Adsorp-
tion Disk., TAD) i A A B B B9 BEMR iR L 15 min, SR 5 B8 A BEAT 28 K A BEAR TP iR 5 min, JOH . B8
AR TERY L AR TR EYEE A B TIRENMEIIAKILLT 3 m. M 2006 47 A 28 H
~8 J1 29 H. &M 4 d R U AT B R . 485 R R b A W R R 0 0l e AR RS AE L T 30~
50 ml Al K gk, EAE PR FHIE R MR T, L 10 ml FEEE sk, FHZE R . B O T 40°C KR ZE T,
FI 1 ml 8096 fyHEEE 28, LA 0. 22 pm AYUE IR I U, B0 10 ol BEAE, DL RIOB AR €435 45 156 BT 1% (HPLC-MS/
MS) 7317 .

1.2 &F5iKH

WE T = T BT FHEAE (3% R 48 (LC) % | Waters Alliance 2695, B %% (MS/MS) % F Micromass Quattro
Ultima triple quadrupole mass, 535 %4 R4 N MassLynx V4. 0 software, & 7% 4> B 4F 5 Waters XTerra C18
column (50X2. 1 mm, 3.5 pm),FH: 4 C18 (10X2. 1 mm, 3.5 pm),

56 P BT IR B N H AR =22 R HP-20, RifEdh PTX-2,PTX-2 SA I H Jil % X Institute for Marine
Biosciences(NRC-IMB) . #x#Efh PTX-12a, PTX-12b Al PTX-11 Jg 41 ja 8 5 54 < F 5 BT ol 4 (0 ali . Al i
PR 34 8 3% 2, 0560 FH 7K O Millipore 47K 5 G2 il 45 19 5 4l K

1.3 WBEENBHEEE RERIESN

TR s T B R S A A A 2 mmol/L H R 8 1 50 mmol/L B R T 5% M LG mshtH B R 2
mmol/L F R Ml 50mmol/L BRI T4k, WM 0. 4 ml/min. REEME HLE 0~11 min, 35% A~100%
A3 7fE 11~16.5 min, 100 % A;7F 16.5~17.0 min,100% A~35% A;#J5LL 35% A F4ff 3 min,

ERIR B0 5 R B S 100 C5 BN RN 3.5 KV HEIE LR R 80 Vi HEIE Ui K 98 L/h; TSR
JER 250 C, TS W A 510 L/h, 28R BT R IE & + 2 & K I (Multiple Reaction Monitoring,
MRM) #5588 F X S50 K m/2=876.5—>823.5 (PTX-2), m/z=2894. 5>823.5 (PTX-2 SA Hil 7-epi-PTX-2
SA), m/z=874.5>821.5 (PTX-12a/b) ,m/z=892. 5>839. 5 (PTX-11),
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B 3 K B EBURE B 1) S0 B 1R 40 ) SRR UE by PTX-2 . PTX-2 SA PTX-12a.PTX-12b 1 PTX-11 it i 1% & g 17
FoAE  DARRAE B8 7 RIS B g 1) 52 e
1.5 #BAkhBEESENE=ITE

A3 10 ] W HEEH 2,10,20,40 ng/ml f PTX-2 . PTX-2 SA iR FbR MW - LA AH (0 1% - 0 156 B 3% 23 47 .
DL PTX-2 s o T €0 13 06 T R R D\ A bk o B vHE SRR B2 SRy el A B A0 RE S v TR £ . LA T il 8 g /K 2 BT
i PTX-2 903 0 i AU B0 K SR BOR H PTX-2 AUk BE . /KRB PTX-2 A9k 5 7 LA #i BEAS 28, Bl
FF— W% (TAD, 3g HP-20 W B 5D BT 82 B i K v PTX-2 AL 45 R K28 0 ng/ TAD, [RIAE DT A

PTX-2 SA By TAEM e, I DL T AR #h Ze g K 82 O PTX-2 SA Fl T-epi-PTX-2 SA By €833 0 187 £ 43 301l i1 5
W7k PTX-2 SA Fl 7-epi-PTX-2 SA k.,

2 HR

2.1 WMEBERRERBRIES W

PTX-2 fl PTX-2 SA ¥ E % W 0 T /E 20080, CRTRZ
FFH?EIZDI@ZFJTH?O {"{EE?‘? 40 ng/ml E"J PTX- 16 000 F
2.PTX-2 SA, PTX-11, PTX-12a #1 PTX-

. . . 12000t PTX-2-
12b W Bk an & 3 fras . B 3A XN B 118 . %?5874522
B om/z 874.5—>821. 4, A N 04 K I B 4 A 8000¢ PT);ZSA'
PTX-12a (£ & atE] r. t="5. 81 min) f1 PTX- 4000} ,;;_2339.8?,3
12b (r.t. =7. 32 min) ; & 3B X% B 73 i L , , o
m/z 876.5>823. 4, Kl W43 PTX-2 (r. 0 o200 30 4030
t. =6.52 min): lz] 3C Xﬂ_m %4 ?‘ﬁ jﬁ m/z % 3 FE W F Concentration of PTX (ng/ml)
892. 5—839. 4a$ﬁilﬂxﬂﬁiﬁj\ﬂ‘7 PTX-11 (r. t. = [EI 2 m%ﬁ% PTX-2 fil PTX-2 SA I{/FEEH%%

5.94 min) : & 3D X} L B Fi8IH m/z 894.5  Fig.2 The quantitative calibration curve of PTX-2 and PTX-2 SA
—823. 4, fx I 1% 4y & PTX-2 SA (r. t. =

5.79 min), 7-epi-PTX-2 SA j& PTX-2 SA iy Ak, 5 PTX-2 SA HAME BB, 7% h T-epi-
PTX-2 SA il PTX-2 SA 544 A7 (955 T3 18 m/= 894. 5>823. 5. % T 7T-epi-PTX-2 SA {5 8 7T LT
PTX-2 SA BbrifE v FUHEAT LT H 3 . T-epi-PTX-2 SA (3% 05 (1 3 4 B (8] e PTX-2 SA RSB , A FH RFAF 25
TIFZSH M — g FEES PTX-2 SA B LR BB RAE A A 1 7-epi-PTX-2 SA #1778 1

2.2 BARMBERESH

2006 4F 8 H 1 H B K h i i 2 R 19 BTG 40 Br 25 R W8l 4 iR . 7E 2006 4F 8 H 1 HigK bl 8 %
W SR B B R AE . WK RIS HE E PTX-2( r. t. =6. 45 min) \PTX-2 SA ( r. t. =5. 71 min) Fl 7-epi-
PTX-2 SA(r. t. =6. 21 min) ¥ & 43 5] 24 321. 77 £ 30. 00, 55. 23 +12. 35,95. 23+ 6. 36 ng/ TAD, PTX-11,
PTX-12a Ml PTX-12b WA k6 H .

2.3 BAHMBEESETHL

FERLRAEN 2006 4F 7 H 28 H~8 A 29 H. B KEF 4 d. h TIEHRAITEEMR PTX-2 SA Ml T-epi-
PTX -2SAH Wy [ 73 AR B AT 2 (6] °T AAH B 5% AL, A 9 27 B PR AR R, B DA LR A3 S ] I i) 9 K b i 25
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] 5,81 7.32 4.05¢5 S PTX-2 6.45 B Channels ES+
] | é ] 876.5—823.4
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] P1;X7-92 SA 10865 E PTX-2 SA 7_ep, -PTX-2 SA 4.54¢5
] 6 21
# 651‘”' 8 10 3 4 5 6 7 8 9 10
D] N
14 Time (min) fi[A] Time (min)
PTX-12a fll PTX-12b:m/z 874. 5—>821.4 (A);PTX-2.876.5>823. 4 PTX-12a f1 PTX-12b:m/z 874.5—>821.4 (A); PTX-2,876.5—
(B);PTX-11:892.5>839.4(C); PTX-2 SA .:894.5—> 823.4 (D) 823.4 (B);PTX-11:892. 5>839.4(C); PTX-2 SA :894. 5— 823.4 (D)
3 FERbRUE S (40ng/mD) PEHE B T BTk P4 oK i B 3R R4 B T
Fig. 3 Chromatograms of standards of PTX-12a and Fig. 4 Chromatograms of extraction of seawater samples
PTX-12b, PTX-2, PTX-11 and PTX-2 SA of PTX-12a,PTX-12b,PTX-2,PTX-11,and PTX-2 SA

£ PTX-2 LK PTX-2 i B 1R & = = ;“5)8 ~-+-A:PTX-2 --m--B:PTX-2 SAplus 7-epi- PTX-2 SA
< wn
(PTX-2 SA il 7-epi PTX-2 SA Z fiD) £ 00l
— e 250% .
e s P . I§ S 200 Nk
G5 1504 TR ,%\ S S
i+t B 5 i RN R ~¥- -f
3 FJ-'I«/I:\. ﬂ@ A 1(5)8 ---- Fooooen i T, é _______ Fo -
. [)9—28-00 08-01-06 08-05-06 08-09-06 08-13-06 08-17-06 08-21-06 08-25-06 08-29-06
3.1 Bk ESEANEL H#j Date (mm-dd-yy)
AR 58 1 BCRE 5 (36712, 428" N, i« BB 4+ o i 2
120°17. 826’E) iﬁz’fﬁﬁﬂﬁfd\bl ?E%‘ éI ul% J[_l Note: The levels were given as means + standard deviation (n=3)
%%EE,@ZWE’JY@K%@J@@@,@ B 5 200647 H 28 H~8 H 29 H KM (36°12. 428'N,
. N L 120°17. 826'E 2754k i £
X143 0 163 K 09 0 6 7K A 74— 5 VA R T T

Fig. 5 The variation trend and levels of PTX-2 and PTX-2 SA
L. R, BRI A TR T X ik
eSS ’ AR plus 7-epi-PTX-2 SA in sea water collected from 6 m

HAR 22 SR 450« W KR il 25 319 45 A depth at a location (36°12. 428'N, 120°17. 826 E) in

Py A AR, H AT, PTX-12a A0 Jiaozhou Bay from July 28 to Aug 29, 2006

PTX-12b AL E R & & B, 7= 5 34 D.

acuta,D. norvegica M1 D. rotundata (Miles et al. 2004), PTX-11 {5578 2 FIIF @AY & e vh ¥ 5 3, &

Tl D. acuta 77, WSRO AE R RT3 B IO T U X0 (36°12. 428N, 120°17. 826" E) I N AE7E PTX-

11, PTX-12a fl PTX-12b(J& 4) . PTX-2 A3 A dEH iz . E £ H A (Yasumoto ez al.  1985) A M (Draisci

etal. 1996) .PiPE (Fernandez e al.  2006) /R > (James ez al.  1999) % 4 (Vale 2004.2006) .

P4 22 (MacKenzie et al.  2005) .45)g (Miles et al. 2004) . Fg M K H] IV (Madigan et al. 2006;Blanco et al.
2007 EEBE T B, PPEEMALE D. acuta.D. fortii \D. acuminata M D. caudata, M 2006 47 H 28 H

~8 F 29 H . 7E T ¥ 55 i 52 I 1 T BT SR 4R 19 ¥ K AR b B K ) PTX-2.PTX-2 SA Hll 7-¢pi-PTX-2 SA

(K1),
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3.2 BAKPMBENTEER

1995 4F 6 H o 2545 A 55 (2000) 14 78 fe 1 ¥ 08 I 3] 9 K e A7 7 7= B 14 97 9 8 33, Bt 3k 200~800 4~/m*, JF
FH/IN 1 BRSO B3k — DX DL b B MRS M DL R R . 2006 4F 8~9 [, 78 B0 X VL0 N T8 & A= 7R 0, &
BRI B EONFER MR 3 Gymnodinium catenatum , {AJEHERPEH 5 L2 = AR IR E R UARIEER.
VA ERE R NSRS 2 PR AR IR R . 2006 A HOR B IXREMIVE A B AR L (H i T R
) 2 R S B AR K TP IR E A G BT AN R X W X AR R P s, KPR R
(1) BRI BE 5 M M S Vg 7K Hp A A T AR B A O o (EL Fl G 7 i 9 2 O B R RS I AT 1 — A I

3.3 BAPRSERSERETLED

2006 4F 7 H 28 H g /K PG R R A TR & MW E . PTX-2 f1 PTX-2 FF 4R & i (PTX-2 SA 5 7-epi-
PTX-2 SA ZFD 05k 264.0.,148. 6 ng/TAD, 76 8 A 1 H.PTX iA%| % KfE . PTX-2 F1 PTX-2 JF 4% {2 i &
43k 321.8,150. 4 ng/TAD, M 8 JI 1 HlZ REZRBFEAL. 8 1 29 H /K TG RO A TRAM KT
PTX-2 il PTX-2 4R B i 43514 119. 9.55. 4 ng/ TAD, 3 IR B A8 R EERY 1/3, 45 B KW, K h g
B VR L ZE 0 A B AR G

4 B

3 o R K T B e R R L A0 B R SERIT Y A BAE R I B DX RSN TS (36°12. 428N, 120°17. 826" E) A I 7K
HAEAE PTX-2.PTX-2 SA Fll 7-epi- PTX-2 SA, i AfF7E PTX-11,PTX-12a fil PTX-12b, 2006 47 J] 28 H
~8 H 29 HZH, /KR ROA FTEEMEEKFE, NS H 1 HREIBFFRIFWH T, 2 8 HIKIRRRIKE
WA R i

Bigt: A R B R & E AT R P (National Veterinary Institute) # Morten Sandvik ¥ 4 #= Trine Torgersen 1 4 & # & 2 #7
SRPHLTHOHFY BB FHTRLRZERKZERELN T CEFRREIEFHLTHORAFY.
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