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1,2 1 1 1,2 1 1 1
(1. 266071; 2. 100049)
- (HPLC-MS/MS) ,
- s (Patinopecten yessoensis)
2011 ,

(Dinophysis toxin 1, DTX1)

>

PTX2:1.12—50.08pg/kg; YTX: 825—6680ug/kg),
, YTX ,
DTX1

YTX OA

OA, DTX!  PTX2

> > >
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B

(Food and Agriculture Organization, FAO)
(Intergovernmental Oceanographic
Commission, 10C) (World Health
Organization, WHO) ,
, 8  (Toyofuku,
(Azaspiracids, AZAs)
(Brevetoxins, BTXs)
Cls) (Domoic acid, DAs)
(Okadaic acid, OAs) (Pectenotoxins, PTXs)
(Saxitoxins, STXs)
(Yessotoxins, YTXs) ,

2006),

(Cyclic imines,

* 41176100

-2(Pectenotoxin 2, PTX2)

(Okadaic acid, OA) -1

(Yessotoxin, YTX)

(OA: 1.97—2.99ug/kg; DTX1: 4.97—77.29ug/kg;
90%

PTX2 , PTX2

(Dinophysis acuminata) (D. fortii),

>
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, (Daranas et
al, 2001; Creppy et al, 2002; Ito et al, 2002; Dragunow et
al, 2005)

(Shumway, 1990; Hallegraeff,
1993; Zhou et al, 1999)
(Picot
et al, 2011) ,

E
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, 200
, OA DTXI1 (Li et al,

(973) , 2010CB428700
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2012a) YTXs( , 2010),
s - R PTXs (Li et al, 2010; Liu et al, 2011)
GYM ( SPX AZAl
. 2008), ( ,2010a)
F1 HEBBNEHEREERFSENELEIFER
Tab.1 Lipophilic phycotoxins detected in shellfish samples collected along the coast of China
(ng/ke)
OA (Ruditapes philippinarum) 2000.2—2000.3 40—440 ( ,2003)
(Chlamys farreri) 5383124009.7 (5):347‘ ( , ’2301(())?)
(Crassostrea gigas) 2007.6—2007.8 0.7 (Liu et al, 2011)
(Mactra chinensis) 1997.3.29 93.0 (Zhou et al, 1999)
(Venerupis philippinarum) 1996.12.20 102.9 (Zhou et al, 1999)
(Mytilus edulis, Perna viridis) 1996.8.5 32.9 (Zhou et al, 1999)
(Sinonovacula constricta) 2009.6—2009.8 470—2770 ( ,2011)
(Mytilus edulis) 2009.8 420—5850 ( ,2011)
(Tegillarca granosa) 2009.8 730—1060 ( ,2011)
(Mytilus galloprovincialis) 2011.5 2111 (Li et al, 2012a)
(Mactra chinensis) 2007.6—2007.8 0.1 (Liu et al, 2011)
(Crassostrea ariakensis) 2007.6—2007.8 0.1 (Liu et al, 2011)
(Mytilus edulis, Perna viridis) 1997.5.16 144.3 (Zhou et al, 1999)
(Mytilus edulis, Perna viridis) 1996.9.17 48.6 (Zhou et al, 1999)
DTX1 (Sinonovacula constricta) 1996.9.5 304.3 (Zhou et al, 1999)
(Meretrix meretrix) 1997.6—1997.7 28.6—57.1 (Zhou et al, 1999)
(Arca suberenata) 1996.1 —1997.8 15.7—130 (Zhou et al, 1999)
(Vnerupis philippinarum) 1996.7.30 71.0 (Zhou et al, 1999)
(Mactra veneriformis) 1997.3—1997.4 94.3—160 (Zhou et al, 1999)
(Venerupis philippinarum) 1996.6—1997.8 10.3—40 (Zhou et al, 1999)
(Arca suberenata) 1996.6.26 144.3 (Zhou et al, 1999)
(Sinonovacula constricta) 1996.6.26 2.86 (Zhou et al, 1999)
(Mytilus edulis, Perna viridis) 1997.6.28 124.3 (Zhou et al, 1999)
PTX2 (Crassostrea gigas) 2007.6—2007.8 2.7 (Liu et al, 2011)
(Chlamys farreri) 2009.2 8.11 ( ,2010a)
(Mytilus galloprovincialis) 2011.5 147 (Li et al, 2012a)
(Mactra chinensis) 2007.6—2007.8 0.7 (Liu et al, 2011)
YTX (Patinopecten yessoensis) 2007 2010 41—1578 (Lietal, 2021021&8)
(Argopecten irradians) 2006.10 25 ( ,2010)
(Crassostrea talienwhanensis) 2010.6 108 (Li et al, 2012a)
GYM (Dendostrea crenulifrea) 2007.6—2007.8 12 ( ,2008)
(Crassostrea gigas) 2009.2 5.48 ( ,2010)
(Crassostrea ariakensis) 2007.6—2007.8 40.9 (Liu et al, 2011)
AZALl (Chlamys farreri) 2009.7 0.1 ( ,2010a)
(Atrina pectinata) 2009.2—2009.4 0.08—0.11 ( ,2010b)
SPX1 (Crassostrea gigas) 2009.2 1.16 ( ,2010a)
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, OA PTX YTX
Quilliam(2003)
/ )
, YTX
Stobo  (2005) (pH 6.8)
/ )
> Fux
(2007) UPLC ,
/ )
, 6.6 21
Gerssen  (2009) ,
( , 2006;
, 2009) ,
- R Gerssen  (2009)

1.1
2011 7 8

) , —20°C

41°

40°

39°

38°

37°

36°

118° 120° 122° 124° E

1

Fig.1 The sampling area of Patinopecten yessoensis in the
northern Yellow Sea

z 2 URREE NS

Tab.2 Sample specifications of scallops Patinopecten yessoensis collected from the northern Yellow Sea

1 Patinopecten yessoensis
2 Patinopecten yessoensis
3 Patinopecten yessoensis
4 Patinopecten yessoensis

122.85°E, 39.133°N
123.05°E, 39.133°N
123.05°E, 38.967°N
122.95°E, 38.883°N

(g )
2011 7 13 ~1 28
2011 7 13 ~2 48
2011 7 13 ~2 40
2011 8 12 ~2 41

1.2

(Agilent 1200, USA)

(API
4000, Applied Biosystems, Foster City, CA, USA)
Waters C18 (Waters, X-Bridge
C18, 5um, 3mmx150mm) Sigma
(sigma 3-16K) Philips (Philips Viva

Collection, hand blender, HR1613) IKA

(IKA, homogenizer workcenter, T 10 B S25)

IKA (IKA, MS1 Minishaker)
( , ASE-12
) (Waters, HLB, 30mg/mL)

Millipore Simplicity
(OA PTX2 YTX SPX1 AZAl
GYM)
, DTX1 Wako
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1.3 , A
, 100% , B 90% ,
s Smin, 6.7m mol/L NH,OH (pH 11.0) ,
, 3 s 400uL/min,
Gerssen 20uL, 25°C ,
(2009) , g SmL , 0—>5min
, 3mL , lmin , DA, ,
2000 g Smin, I15mL DA ,
2, s DA ; 5—=8.5min
10mL, 5000 g Imin 0.22um s OA DTX1 YTX; 8.5—17min
(ANPEL, SCAA-104, 13mm, 0.22um) , GYM AZAl PTX2 SPXl1
14 )
HLB ,
ImL , 30%(V/V) 5500V,
1.2mL SmL 10V, 10V, 10Pa,
, 2.8mL , 8 Pa, 500°C,;
30% , ImL 20% —4500V, —-10V,
, 1.2mL (
0.3% ) , 4
, 0OA:91.%3+

7.3%, DTX1: 101.3%+1.8%, YTX: 98.7%+25.9%, PTX2:
52.5%+4.6%, AZA1: 80.0%+3.4%, GYM: 64.9%+5.1%,

SPX1: 40.9%+3.3% PTX2 GYM SPXI
, (RSD

10%),

1.5

Gerssen  (2009)

>

®3 RBEIE-BRREKAZESMIEAESRNRREE
Tab.3 Gradient elution in detection of marine lipophilic
phycotoxin using HPLC-MS/MS

(min) A(%) B(%) (uL/min)
0.00 30.0 20.0 400
1.00 80.0 20.0 400
9.00 10.0 90.0 400
11.00 10.0 90.0 400
12.00 80.0 20.0 400
17.00 80.0 20.0 400

R4 BRAUEFSRENENEFREBNMNEKZEEMAERE

Tab.4 The characteristic ions for detection of lipophilic phycotoxin and corresponding value of declustering potential and collision energy

ESI (m/z) DP(V) CE(V)
2

OA ESI” [M-H] 803.5 2352 150 65
113 ~150 -90
DTX1 ESI” [M-H] 817.5 2952 130 68
) : 113 ~150 -93
YTX ESI” M-2H]* 570.4 4674 3 -3
[M-2H] : 396.4 -95 —45
824.5 70 45

AZA1 ESI® [M+H]" 8425
672.4 80 60
. ) 823.7 90 36

PTX2 ESI [M+NH,] 876.5
213.1 90 36
GYM ESI [M+H]" 508.4 4903 83 33
: 162.3 85 60
) ) 4442 70 40

SPX1 ESI [M+H] 692.5

164.3 70 50
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5 , OA DTX1 91% (87%—
98%), 3 , OA DTXI
2.1 61% (37%—T72%)
2 2.2
OA DTX1 PTX2 YTX ( 3) R
, 5 AZA1 SPXI
GYM ,YTX R 5 YTX
90%  (96.21%, 90.24%— 2670ug/kg (825—6680ug/ke),
99.49%) ,OA DTXI 449ug/kg (146—915ug/kg),
PTX2 , 355pug/kg (32.5—1240pg/kg), ,
2 140pg/kg (73.1—214pg/ke); OA
PTX2 876.8>823.7
ESI :
1.66+5 YTX 570.4>467.4 : SF"X1 692.5>444.2
a i ;
1 4e+5 | DTX1817.5>255.2 '
1.26+5 P
—~ OA 803.5>255.2!
2 1.0e+5 - i i
Qe : ' ESI’
DA 312.2>266.0 i i GYM 508.0>162.3
% 8.0e+4 i : ] :
an i i
10 6.0e+4 ; !
4.0e+4 = / L I ““
2.0et+4 JJ A
-] - -AZA1 842 7>624.2
0.0 : . : . : . . .
0 2 4 6 8 10 12 14 16
518 (min)
ESI
2.0e+5 1 YTX 570.4>467.4
' PTX2 876.8>823.7
1.56+5 DTX1817.552552
& OA 803.5>255 2
o ! P
3] i i
gy 1-0e+5 : ESI'
@ 4.0e+3 i
un
10 3.0e+3 A
ESI' SPX1 692.5>444.2
2.0e+3 - / 4 |
1.0e+3 A DA 312-2>266-9/ et GYM 508.0>162.3
A AZA1 842.7>824.2
0.0 ; ; ; ; .
0 2 4 6 8 10 12 14 16
518 (min)

2 -

Fig.2 HPLC-MS/MS chromatograms for lipophylic phycotoxin

a. ; b.

3
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Tab.5 Profile and content of lipophilic phycotoxin in different tissues of scallops
(ng/kg)
OA DTX 1 PTX2 YTX SPX1 AZA1 GYM OA+DTX1+PTX2
1? 0.41 0.65 0.82 109.81 — — — 1.88
0.85 0.55 2.66 59.38 — — — 4.06
2.99 4.97 1.60 825.47 — — — 9.56
2 1.34 6.45 0.12 73.08 — — — 7.91
1.18 3.88 0.68 32.51 — — — 5.73
1.97 5.87 1.12 1740.52 — — — 8.96
0.37 2.51 0.28 286.67 — — — 3.16
3 0.94 2.58 1.34 163.81 — — — 4.86
3.75 5.07 4.87 1240.12 — — — 13.69
34.54 77.29 50.08 6680.53 — — — 161.90
2.27 4.32 11.02 915.05 — — — 17.61
4 1.03 2.41 0.13 213.73 — — — 3.57
0.55 0.21 0.37 86.77 — — — 1.13
9.80 17.79 14.67 1433.37 — — — 42.27
2.19 3.94 5.81 145.90 — — — 11.44
— ;a: 1
2 =B _ ° "
’\g %; 4000}
o % 2000}
o i
A=A NER RIEE MR
MAEAR MAEAR
3
Fig.3 Content of lipophilic phycotoxin in different tissues of the scallops
a. OA, DTXI1, PTX2; b. YTX
12.30pg/kg (1.97—34.5ng/ke), 1.61pg/kg
(0.37—2.27ug/kg), 1.29ug/kg (0— 5
3.75ug/kg), 0.93 pg/kg (0.41— 1.34pg/ke); ,
PTX2 16.90 pg/keg (1.12— , -
50.10pg/kg), 5.70 ng/kg (0.28—11.02pg/kg), s
0.60ug/kg (0.13—1.34pg/kg); DTX1
YTX AZAl1 PTX2 GYM
R 26.50pg/kg (4.97—77.30ug/ke), ( , 2010; , 2010a; Liu et al,

342pg/kg (2.51—4.32ng/kg),
(0.65—6.45ug/kg), ,

(0—5.07ug/kg)

3.02pg/kg
l.46pg/keg

3

3.1

2011; Li et al, 2012a)

B >

OA DTXI1
PTX2 YTX ,
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DTX PTX YTX

, YTX
2010
YTX (25—41pg/kg); 2012
YTX (1578pg/kg) ,
YTX 6680pg/ke,
6—194 , YTX
(Anonymous, 2011), YTXs
Img/kg, ,
, YTX
R 3 YTX
, YTX
YTX
OA DTX1 PTX2 OA DTXI1
, ; PTX2
OA DTX1
(Zhou et al, 1999;
, 2003) PTX2
(Chlamys farreri) (Mactra chinensis)

(Mytilus galloprovincialis)

(Crassostrea gigas) (Li et al, 2012a; Liu et al,

2011; , 2010a) , 2012
(Mytilus galloprovincialis)
OA, DTX1 PTX2(147pug/kg),
, OA DTX1 PTX2 (D
, , PTX2

(Anonymous, 2011),

OA DTXs PTXs 160 pg/kg,
, 3 OA DTXs
PTXs (162pg/kg)
, OA PTX ,

3.2

, OA DTX1 PTX2

E

Dinophysis fortii  D. acuminata D. acuta D. norvegica

D. mitra D. rotundata D. triposs, Prorocentrum
lima P maculosum P redfield ( , 2005)
, D. fortii D. acuta D. acuminata
b ( b
1998; , 2003; , 2006; Li et al,
2012a)
( ), ,
3100 cells/L, (D.
acuminate) (D. fortii),
OA DTX1 PTX2
: PTX2
( ,2011) ,
OA DTX1 PTX2
OA DTX1 PTX2
(Prorocentrum lima)
( , 1998; Li
et al, 2012b),
( , 2003),
YTXs 1987 Murata
, YTXs
(Hess et al, 2007) ,
YTX,
2007 ,
( , 2010;
,2012) YTX

GYM (Crassostrea
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gigas C. ariakensis) ( , 2010a; Liu
et al, 2011), AZAl (Atrina-
pectinata) (Chlamys farreri)
( , 2010a), SPX1
(Crassostrea gigas) ( , 2010a),
GYM , AZA1
( , 2010b)

OA DTX! PTX2 YTX
, AZA1l SPX1 GYM ,
PTX2

YTX ,

90% ,

YTX

OA, DTX1  PTX2

, 25(1):
, 16(4): 310—314
. Gymnodimine,
, (4): 435—439

, , , 2006
15—19

, , , 1998

, , , 2008
30(6): 171—176

, , , 2006.

, , , 2005.

,29(5): 66—72
, , , 2011.
,35(1): 44—47
, , 2003.

,27(2): 45—48

45
, R , 2012.
, 31(5): 557—565
, 2011.
( )
> , , 2010a. -
5 . ,38(12): 1714—1720
) ) , 2010b. -
, 28(4): 363—367
s s , 2010. yessotoxins
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DETECTION OF LIPOPHILIC PHYCOTOXIN IN PATINOPECTEN
YESSOENSIS IN THE NORTHERN YELLOW SEA

CHEN Jian-Hua "%, YU Ren-Cheng', KONG Fan-Zhou', GAO Yan'?,
LUO Xuan', WANG Yun-Feng', ZHOU Ming-Jiang'

(1. Key Laboratory of Marine Ecology and Environment Sciences, Institute of Oceanology, Chinese Academy of Sciences, Qingdao
266071, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract

which may pose significant threats to the health of seafood consumers. Using liquid chromatography-tandem mass

Phycotoxin produced by toxic dinoflagellates can be accumulated to a high level in shellfish via food chain,

spectrometry (LC—MS/MS), different lipophilic phycotoxin was detected. We analyzed lipophilic phycotoxin in scallops
Patinopecten yessoensis collected from the northern Yellow Sea in 2011. Samples were dissected into four parts: vicera,
mantle, adductor muscle, and gonad. Four representative lipophilic toxins were detected, namely, okadaic acid (OA),
dinophysis toxin 1 (DTX1), pectenotoxin 2 (PTX2), and yessotoxin (YTX). Toxin content in the vicera were the highest
(OA: 1.97—2.99; DTX1: 4.97—77.29; PTX2: 1.12—50.08; and YTX: 825—6680 pg/kg), followed by gonad, mantle, and
adductor muscle in turn. The toxin profiles are similar among the four tissues, of which YTX was the most predominant
component, for taking over 90% of the total toxins. In addition, OA, DTX1, and PTX2 were also detected in other parts of
the scallops. To our best knowledge, this is the first report of PTX2 detected from P. yessoensis in China. In the northern
Yellow Sea, dinoflagellates Dinophysis acuminata and D. fortii were often observed, they could be potential origins of OA,
DTX1, and PTX2 in the scallops. To prevent scallops from lipophilic phycotoxin contamination, monitoring on the
phycotoxin and toxic algae in the northern Yellow Sea should be further strengthened.

Key words northern Yellow Sea; HPLC-MS/MS

lipophilic phycotoxins; Patinopecten yessoensis;
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