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1,2 2 2 2 1,3 2
(1. 316021; 2. 266071,
3. 316021)
(Dinophysis acuminata) , (HPLC)
-2(Pectenotoxin-2, PTX2) PTX2
HPLC )
, 99.2% 81.5% (
) (Solid Phase Extraction, SPE) (Oasis HLB SPE, Phenomenex Strata-X
SPE, Sep-Pak C18 SPE) PTX2 , - , 78.2%
HPLC PTX2 , pH ) (
6.7mmol/L , pH=10.94) , PTX2 S
Phenomenex Kinetex C18(4.8mmx*250mm, Sum) , ,
93.2% PTX2 PTX2 HPLC ,
, PTX2
-2; ; 5
0657.63 doi: 10.11693/hyhz20171000272
, 2014; Garcia et al, 2016)( 1) 1984 PTXs

> B

(Hallegraeff et al, 2003; FAO, 2004;
Reguera et al, 2014) (Pectenotoxins, PTXs)

> >

(Okadaic acid,

OA) (Dinophysistoxin, DTXs)
(Suzuki et al, 2009; Reguera et al,
2014; ,2016) 20 PTXs

B

-2(Pectenotoxin-2, PTX2) (Reguera et al,
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2006; Reguera et al, 2012; Li et al, 2017) PTXs

(Miles et al, 2004; Kim et al, 2008),

PTXs ,
OA DTXs 160pg/kg,
(ARfD)
400g PTXs 120pg/kg (Alexander
et al, 2009) PTXs
, PTXs ,
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, PTX2,
(Dinophysis spp.) ,
(Dinophysis fortii) (D. acuminata)
(D. acuta) (D. caudata) (D.
miles)  (Suzuki et al, 2009; Reguera et al, 2012;

Nielsen et al, 2013; Tong et al, 2015)

[ —
(Geminigera cryophila)]

(Mesodinium rubrum) —
(Park et al, 2006),
PTX2

PTX2

>

(Gao et al, 2017),
(DAYSO1-E6 ), PTX2

HPLC PTX2

- (HPLC-MS/MS)

, PTX2

1 PTX2
The chemical structure of PTX2 (James et al, 1999)

Fig.1

1.1
(DAYSO1-E6 )
(Gao et al, 2017),

2014
(JAMR)

(JATA) (Nagai et al, 2008),
15°C, (~50pumol photons/m?:s),
14h : 10h
30mL(~4000cells/mL) 2mL
(~200000cells/mL) , 30mL /6-Si ,
DAYSO01-E6
800mL f/2-Si , 2
~8000cells/mL |, s
15um R
/2-Si 15mL , -80°C
1.2 -2
1.2.1

(James et al, 1999)

(a) 100°C
10min;
(b) :
, -80°C , 3
(c)
15min( 300W,
40kHz);
(d)
( 325W 25kHz /
5s/10s 20min, 20°C,
120min);
(e) (b)
(d),
, ) Co,
Cy, L=(1-C,/Cy)*100%

1.2.2
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PTX2
&)
80% ,  (d) 3min (8000r/
min), ,
()
, (d)
3min (8000r/min), ,
3) - )
, 35—40°C ,
(Miles et al, 2004)
s . Waters
Oasis HLB SPE (60mg/3mL, Waters ),
Phenomenex Strata-X SPE (60mg/3mL,
Phenomenex ), Waters Sep-Pak C18 SPE (60mg/
3mL, Waters ),
(4) SPE : SPE 3mL
3mL Milli-Q ,
10mL , ImL s
) 0.5mL )
0.22pum , SPE
PTX2 To
, PTX2
, PTX2 Ti,
T, R=(T-T))/T,
1.2.3
PTX2
Sephadex LH20 , s
(60cmx1.2cm)
(3mL) ,
S R 10mL ImL
HPLC-MS/MS , PTX2
( 250—600mL) ,

1.3

Empower3

Waters €2695

Phenomenex Kinetex C18

(4.8mmx250mm, Spum); 1 40°C;

235nm; ImL/min; A: (
6.7mmol/L ); B: /(90 10,
viv, 6.7mmol/L ); 00—

15.0min, 20% B; 15.0—20.0min, 20%—80% B; 20.0—
20.1min, 80%—20% B; 20.1—25.0min, 20% B

PTX2  235nm R
26min, 15—17min , 40°C
, , HPLC-MS/MS
PTX2
14 -
5500QTRAP -

(ESI ) : Phenomenex
XB-Cyg (2.1lmmx100mm, 2.6pm); 1 Cyg
(2.1mmx50mm, Spm); 1 40°C;

0.350mL/min; : SuL; : A
( 50mmol/L 2mmol/L ), B
95% ( 50mmol/L 2mmol/L );

: 0—7.0min, 20% B; 7.0—10.0min, 20%—
90% B; 10.0—10.1min, 90%—20% B; 10.1—12.0min,
20% B

(ESD),
(MRM), ; 1 20psi;
: 5.5kV. —4.5kV;
550°C; 1: 345kPa,; 2: 345kPa;
1 PTX2 OA
DTX2 DTX1 YTX GYM SPXI1
(10—200ng/mL) ;
(S/N=3) (LOD), 10
(S/N=10) (LOQ),
PTX2 6ng/mL, 19.8ng/mL
2
2.1
- (HPLC-
MS/MS)
, PTXs
OA DTXs PTXs
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Tab.1 Transitions and mass spectrometry parameters for 11 marine lipophilic toxins
(m/2) (eV) (eV) )
L [M-H] 803.5/255.1 —61 803.5/563.4 =55 —40
(okadaic acid, OA)
. . 2 [M—-H] 803.5/255.1 —61 803.5/563.4 =55 —40
(dinophysistoxin-2, DTX2)
, oo [M—H] 817.5/255.2 -65 817.5/563.3 -60 -20
(dinophysistoxin-1, DTX1)
. [M-H] 1141.5/1061.7 =50 1141.5/855.5 -102 =30
(yessotoxin, YTX)
. 25 [M—-H] 875.5/137.2 —61 875.5/179.2 —61 =50
(pectenotoxin-2SA, PTX2sa)
. 2 [M+NH,]" 876.5/212.7 50 876.4/823.0 30 40
(pectenotoxin-2, PTX2)
. 11 [M+NH,]" 892.5/212.7 50 892.5/839.5 30 40
(pectenotoxin-11, PTX11)
. 12 [M+NH,4]" 874.5/212.7 50 874.5/821.5 30 40
(pectenotoxin-12, PTX12)
. -1 [M+NH,4]" 892.5/213.2 50 892.5/839.5 40 40
(pectenotoxin-1, PTX1)
. [M+H]" 692.5/444 .4 50 692.5/674.4 40 50
(gymnodimine, GYM)
o [M+H]" 508.3/490.3 35 508.3/136.1 50 60
(spirolides-1, SPX1)
(Wu et al, 2014) , MRM ( 1) ,
PTX2 (Suzuki EPI ,
et al, 2006; Tto et al, 2008) QTRAP ,
MIM( ) : :
MIM-ER-EPI R (DAYSO1-E6 ) OA DTX2
(Turbo Ion Spray) R R DTX1 ,PTXs PTX2 PTXI11, PTX2
Q3 QI , ¢ 9,
[M+NH,4]", (m/z) 2.2
655—1055 Q2 2.2.1
R 5V PTXs (Cuellar-Bermudez et al,
Ims, 1.3s 2015) ,
. mlz 876.5( 2b) 892.5( 2c) 894.5 PTX2 3
874.5( 2d)(Miles et al, 2004, 2006; Gerssen et al, R
2009) , , . 81.51%
PTX12(874.5) PTX2(876.5) PTX11 PTX1 PTXl12sa (n=5), (78.24%)
(892.5) PTX2sa(894.5), mlz  906.5 (60.23%) (45.27%)(  3)
R PTX6 PTX7( 2e) (21.45%), PTXs
PTXs , (Garcia et al, 2016)
IDA-EPI , + >
PTXs PTX2 R
PTX2sa PTXI11 PTXI12 PTX1 ,
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Fig.2 Chromatography in MIM scanning mode on total ion (a) and selected ion (b, c, d, e)
:b:m/z 876.5; c: m/z 892.5; d: m/z 874.5; e: m/z 906.5
s (22.30%), (Miles et al, 2004, 2006;
Matsushima et al, 2015; Li et al, 2017), -
( , 2014), R 78.2% (n=5),
(51.6%), (46.6%) .
(Halim et al, 2012) s
> > s PTX2
90.24% 94.24%, s
PTX2 s R HPLC-MS/
(81.51%>78.24%) MS
> R SPE
99.2%  81.5% R R
2.2.2 SPE
(LPE) (SPE) PTX2 . (Wu et al,
R ( 4 4 2014) Phenomenex Strata-X SPE
R PTX2 Sep-Pak C18 SPE PTX2 (44%),

PTX2

Oasis HLB SPE  (40%)
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> , PTX2
> B R (pH=2.74):
PTX2 A ( 50mmol/L 2mmol/L ),
B 90% ( 50mmol/L
P K
100 - p {100 2mmol/L ) (pH 6.07): A
__sof 180 ( 2mmol/L ), B 90%
S z ( 2mmol/L ); (pH 10.94):
b 60 Heo
% i ﬁ A (6. 7mmol/L ), B 90%
@ 40 H 40 ﬁ
% i 1% ( 6.7mmol/L ) ,
20 H 20 ( Sa), PTX2 N ;
I 7 ( 5b), PTX2(##=15.09min)
0 H0 .
A B c D E DTX1(##=15.11min) ( s
BT ) PTX2 DTXI
3 (n=5) , HPLC-MS/MS s
Fig.3 Responses of different cell disruption methods on cell DTX1
disruption rate and toxin extraction efficiency (n=5) ’ ’
TA: ; B: ; C: ;D: PTX2 , HPLC-MS/MS
s E: , 5
100~ DTX1 PTX2
8ok . PTX2 DTXI
. , OA DTXs
=T (tz<7min), PTX2 (tz=15.77min),
gé 40k PTX11 (1x=14.57min) ( 50),
I PTX2
20+
(OA+DTX2 DTX1 PTX2 PTXI11)
A B C D-1 D-2 D-3
REE ; PTXs
(Gerssen et al, 2009),
4 PTX2 (n=5)
Fig.4 PTX2 toxin extraction efficiency from Dinophysis spp
by different extraction methods (#=5) (Garcia-Altares ef al, 2013) R
A B A . Gerssen  (2009)
; D-1: Waters Oasis HLB; D-2:
Phenomenex Strata-X; D-3: Waters Sep-Pak C18 (6'7mm01/ L
591mmol/L), PTX2 (Gerssen et
2.3 al, 2009), 5 90% PTX2
HPLC,
, (6.7mmol/L)
> PTX2 S
(Gerssen et al, 2009), pH R PTX2
OA DTXs R ( 6)
> 24 PTX2

PTXs PTX2 PTX2
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Fig.5 TIC and XIC chromatograms of toxin extractions from Dinophsis.spp. by HPLC-MS/MS in three types of mobile phase
; XIC: extracted ion chromatography,

PTX2

: TIC: total ion chromatography,

(
HPLC

PTX2

>

61.4%+5.5%

i B

78.5%,
(78.2%) ,

HPLC-MS/MS PTX2
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A, HPLC PTX2

PTX2

(PTX2

HPLC 93.2%

PTX2
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IR
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o f
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6 HPLC PTX2
Fig.6 HPLC chromatogram of PTX2

2.5
HPLC-MS/MS
OA DTX2 DTX1
YTX GYM  SPXI
, PTX2
PTX2 ) )
PTX2 0.6ug/kg,
1.98ug/kg 2016—2017
(n=3) 2015—2016
(n=3)
, DTX2 PTX2 PTX2sa
GYM SPX1 , PTX2
PTX2 , PTX2
1.98—13.23pg/kg 2.01—13.31pg/kg,
20.19%
PTX2 (P<0.05)

PTX2

PTX2 ,

, PTX2

( C18 ),
93.2% PTX2

> >

PTX2
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PREPARATION OF PECTENOTOXIN-2 BY HIGH-PERFORMANCE
LIQUID CHROMATOGRAPHY

WANG Yu"? PENG Ji-Xing’, WU Hai-Yan®’, GUO Meng-Meng”?, TONG Meng-Meng'?, TAN Zhi-Jun’

(1. Institute of Marine Biology, Ocean College, Zhejiang University, Zhoushan 316021, China; 2. Yellow Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China; 3. Key Laboratory of Testing and Evaluation for Aquatic
Product Safety and Quality, Ministry of Agriculture, Zhoushan 316021, China)

Abstract
conducted in high-performance liquid chromatography (HPLC). Methods of cell disruption, toxin extraction, and HPLC

A protocol for preparing pectenotoxin-2 (PTX2) from a large-scale culture of Dinophsis acuminata was

purification were selected and optimized. The results indicate that the most efficient cell disruption and toxin extraction
were achieved in the combination of freezing + thawing + ultrasound, resulting in 99.2% and 81.5%, respectively. PTX2
was extracted using liquid-liquid extraction (methanol, acetone, diethyl ether, and dichloromethane) and Solid Phase
Extraction columns (Oasis HLB SPE, Phenomenex Strata-X SPE, Sep-Pak C18 SPE). PTX2 extraction efficiency reached
maximum (78.19%) with diethyl ether and dichloromethane. Studies on the optimization conditions of HPLC showed that
the pH value of the mobile phase had an impact on the chromatographic reaction. When mobile phase was in alkaline
condition (containing 6.7mmol/L ammonium hydroxide in acetonitrile/water, pH=10.94), PTX2 could be better
chromatographically separated by Phenomenex Kinetex C18 (4.8mm x 250mm, 5um). The final PTX2 reached 93.2% in
purity. This method was rapid, effective, and comprehensive for extraction, separation, and purification of PTX2 from D.
acuminata cells with HPLC.

Key words pectenotoxin-2;  Dinophysis acuminata,

high-performance liquid chromatography; extraction;

preparation



