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s PSTs , , >
, PSTs ) >
(Zhuo et al, 2013; , 2014, Smin, : s
, 2015), ( ) )
200g
; ; , —18°C
(Boundy et al, 2015), 1.2.2 S5g 50mL ,
; GB/T 5009.213-2016 10 SmL 1% . 90s
, - Smin,
) , 4500r/min 10min,
13 1.2.3 ImL 2mL
R R R SuL R 2mL , 2mL
, ; 20% ( 1% ) 2mL 0.1%
Qtrap (MRM)- (IDA)- Supelco ENVI-Carb s 500uL
(EPI) R 13  PSTs , 700uL , , ImL
, 75% ( 025% ) ,  0.22um
PSTs ,4°C , -
1.3 -
1 : TSK-Amide-80(3pm, 2mmx15¢cm);
1.1 : 40°C; : 0.35mL/min; : 10pL;
AB-5500 QTRAP - / :A: ( 2mmol/L , 50mmol/L ), B:
( AB SCIEX ), (ESI); 95% (  2mmol/L , S0mmol/L );
XW-80A ( ); Himac CR : 0—3.0min, 80% B; 3.1—5.0min, 80%—
22G ( Hitachi ); Milli-Q 40% B; 5.1—10.0min, 40% B; 10.1—11.0min, 40%—
( Millipore ); ( Supelco 80% B; 11.1—13.0min, 80% B
) ( ) : (ESI),
(HPLC Merk ) (MRM), ; : 5.5kV,
(HPLC Fluka ) (182 MQ. cm);  —45kV; 550°C; : Medium;
(ENVI-Carb™, 250mg/3mL, : 30psi; GS1: 50psi;
Supelco ), GS2: 50psi 1
2
PSTs : STX,
NEO, GTX1 GTX2 GTX3 GTX4, 21
- GTX5 Cl C2, = !
dcSTX decNEO deGTX2 deGTX3 ( ’
), 75% ( 0.25% MRM :STX , STX,
) , . deSTX, NEO, GTXS dcNEO
GTXS5 NEO STX dcNEO deSTX 500ng/mL; ) 5
GTX3 GTX4 dcGTX3 (2 200ng/mL; GTXI, GTX C [M-H]
GTX2 606ng/mL; C1 650ng/mL; dcGTX2 , 2—10
711ng/mL
1.2 GTX1—4 , [M-H-
1.2.1 H,0] [M-H-NHCO]~ [M-H-NHCO-H,0] (



510 48
F 1 13 # PSTs BIRIE 5 #7154 (Boundy ef al, 2015)
Tab.1 The mass spectrometry parameters of 13 paralytic shellfish toxins (PSTs)

STX 6.11 300.2 221.0/204.0 35/30 30
dCSTX 6.11 257.1 239.1/126.1 22/30 30
NEO 6.14 316.1 298.2/126.1 34/34 34
dcNEO 6.07 273.1 225.2/126.1 35/35 35
GTX5 6.09 380.1 300.1/282.1 15/35 25
GTX2 5.92 394.0 333.1/351.1 22/16 16
GTX3 6.11 394.0 351.1/333.1 16/22 22
GTX1 5.95 410.1 349.1/367.1 22/15 15
GTX4 6.14 410.1 367.1/349.4 15/22 22
Cl1 5.85 474.1 122.0/351.1 25/30 30
c2 6.06 474.1 122.0/351.1 30/25 25
deGTX2 5.99 351.1 333.1/164.0 17/30 30
deGTX3 6.17 351.1 164.0/333.1 30/17 17

: STX: Saxitoxin, ; NEO: Neosaxitoxin, ; deSTX: Decarbamoylsaxitoxin, ; dcNEO:

; dcGTX2&3: Decarbamoylgonyautoxins-2&-3, 2&3; GTXS:

Decarbaoylneosaxitoxin,

Gonyautoxin-5, N-

; C1&2: N-Sulfocarbamoylgonyautoxin-2&-3, N-

; GTX1&4: Gonyautoxins-1&-4,

; GTX2&3: Gonyautxins-2&-3,

,2014) deGTX  C ,
, , -SO; EPI ,
GTXS5 s 50, 35)x15eV
R s MRM
, PSTs (IF>85%),
R MRM IDA-EPI R R
394.0 351.0
1.5e5[ gTx2 351 1 2.5e5} dcGTX2 2.3e4
@ 1.2e5 'g 2.0e5 ’g‘_ 2.0e4
S g oy 1.5e4
i 8.0e4 py 1-5€5 333.0 i 1
L= B VA
A oo 6 v 1085 4640 Q“@ 1.0e4
i 4.0e4 30 " 5 0e4}97.0 Jl 235.1 5000.0
) i . . 00 Y LSNP
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Fig.1

(20, 35,
1 ,
b
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- 4741
1219
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%8| 1290 lj "
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The secondary mass spectra of paralytic shellfish toxins (C1, C2, dcGTX2, dcGTX3, GTX2, GTX3, CE 35+15eV)
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2.2 150mm) Waters TSK
PSTs , 13 , 8 , ,
R GTX2 GTX3, R 75% ( 0.25%
GTX1 GTX4, dcGTX2 dcGTX3 Cl1 C2 ) s TSK
(Andrew, 2015; Boundy ef al,
2015), / , 2 , PSTs
HILIC : Acquity UPLC BEH ,
Amide(1.7pum, 2.1x150mm) TSK-Amide-80(3um, 2.1x
5.92 5.85
9.7e4 1.20e5] 1.20e5]
2 8.0e4 GTX2 = 10065 GTX1 2 1.00e5] c1
g 3 " )
i 6.0e4 S 8.00e4| B 8.00e4]
o 4,084 6.11 % 6.00e4 | % 6.00e4 6.06
EPE e GTX3 ™h 4.00e4 6.14 GTX E@ 4.00e4 . C2
2.0e4 5 00ea 2.00e4|
0055 54 58 62 66 70 0-0055 54 66 7.0 00050 54 58 62 66 70
818 (min) IEU (mln) B8 (min)
5.09 6,07 6.11
_ Bred deGTX2 - ;.gez deNEO 898 deSTX
2 7.0e4 8 o g 7.0e5
) 6.17 = 5.0e4 o
B 5.0e4 2 4 0e4 g% 5.0e5
ﬁ dcGTX3 h  3.0e4 '
o 3.0e4 B 5004 g 3.0e5
1.0e4 1.0e4 1.0e5 I8
0075052545658606264 66 00750 54 58 62 66 7.0 0048 52 56 60 64 68 7.2
B78 (min) B378) (min) f518 (min)
6.14
9.6e5 &1 2.0e5 6,09 1.20e5
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o S 15e5 o
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2 13 PSTs (STX 20.0ng/mL )
Fig.2 The extracted ion chromatograms of 13 PSTs standard solution ((mixed standard solution containing STX 20.0ng/mL))
2.3
2.3.1 PSTs 70%
, PSTs s 1% 0.1mol/L
1% 0.1mol/L 81.8%—108% PSTs
(EURLMB, 2014) 90% (Zhuo et al, 2013) (pH<4.50), pH  3.00 1%
80% (Sayfritz et al, 2008)(  0.1% pH  2.90, PSTs N-
) 6 , GTX5 Cl C2
200pL, , , (Botana, 2008) STX GTX2
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GTX3, 1% ENVI-Carb ,
s Smin s 70% 75%
(Botana, 2008), ( 025% ), ,
PSTs 24
2.3.2 PSTs
, (2
Mg™, Cu*) | 30.0%— ,
50.0% ( , 2015) C18 R
HLB(Zhuo et al, 2013) (SIN=3) (LOD),
(Turner et al, 2015) PSTs (S/N=10) (LOQ) , 13
3 , , C18 PSTs , (R%) 0.99 13
GTXS , PSTs 62.0pg
, STX eq/kg, PSTs
100
90 |
80+
__ 70t
S
p 60 =C18
g 50+
o 401 < HLB
30+
20+ = ENVI-
10 Carb
0
¥
SR
3 (n=6)
Fig.3 Influence of solid phase extraction column on the ratio of recovery (n=6)
:C18 HLB ENVI-Carb
F2 137 PSTs M9&MSEE. EFAE. HXRZMEER
Tab.2 The linear range, regression equation, correlation coefficient, and quantitation limits of 13 PSTs
(ng/mL) (ng/kg) (ug/kg)
STX 10.0—200 y=4528.1x-404.90 0.99718 10.0 20.0
dCSTX 10.0—200 y=6631.2x-1937.2 0.99505 10.0 20.0
NEO 10.0—200 y=664.60x—1096.4 0.99856 10.0 20.0
deNEO 10.0—200 =535.20x+442.70 0.99717 10.0 20.0
GTX5 10.0—200 y=10339x+22458 0.99795 10.0 20.0
GTX2 12.0—243 y=2964.5x+7455.6 0.99711 12.0 24.0
GTX3 4.00—80.0 1=2449.3x+1411.7 0.99921 4.00 8.00
GTX1 12.0—243 y=4088.4x+38.600 0.99952 12.0 24.0
GTX4 4.00—80.0 y=2549.5x+2489.3 0.99789 4.00 8.00
Cl 13.0—260 y=4353.1x+5834.5 0.99983 13.0 26.0
c2 4.00—80.0 y=3743.5x-703.20 0.99848 4.00 8.00
deGTX2 14.0—284 y=1655.9x+3887.7 0.99930 14.0 28.0
deGTX3 4.00—80.0 $=3993.8x-3059.0 0.99973 4.00 8.00
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2, PSTs ,
STX 10.0 20.0 627ug STX eq/kg(  4), PSTs 800 pg
50.0ug/kg STX eq/kg
6 3, PSTs >85.0% STX GTX1 GTX2
: GTX3 GTX4 Cl C2
(79.6£10.4)%—(98.6%6.40)%, (81.4+4.67)%— , ,
(97.6+£4.39)%, (82.6+6.33)%—(99.4+ s
6.38)%, (80.4£13.8)%—(98.8+£6.54)% STX R
> <3%, MRM
13 PSTs , ,
2.5 STX R STX
2016 10 , EPI STX EPI
, IF 52.6%<85.0% ,
%3 DHER AR R T E KR R AR A
Tab.3 Average recovery and relative standard deviation of PSTs in four shellfish spiked samples
RSD RSD RSD RSD
(%) (%) (%) (%) (%) (%) (%) (%)
STX 95.3 2.63 97.6 4.39 98.4 7.03 98.8 6.54
dCSTX 89.4 6.49 92.3 6.33 90.5 11.9 89.7 6.59
NEO 83.6 12.0 84.9 10.8 87.2 6.34 80.4 13.8
dcNEO 89.3 10.5 92.5 4.55 90.4 9.21 86.4 6.99
GTXS5 98.6 6.40 96.3 8.19 99.4 6.38 92.4 7.22
GTX2 97.5 3.45 92.7 9.67 98.5 8.92 96.4 8.91
GTX3 94.6 6.72 93.8 4.12 96.4 10.9 92.0 5.10
GTX1 92.6 8.40 90.1 6.89 93.8 9.37 90.6 9.89
GTX4 79.6 10.4 81.4 4.67 82.6 6.33 80.8 8.31
Cl1 90.5 11.3 89.5 10.2 90.5 10.2 92.7 12.4
Cc2 86.4 10.9 87.6 7.69 85.4 11.4 88.0 10.6
dcGTX2 91.6 7.98 92.4 8.26 89.7 6.78 92.5 9.58
decGTX3 94.8 6.12 92.6 4.38 93.7 7.34 94.1 9.34
: RSD: relative standard deviation,
R4 MERNTNEERTRIPSTs TE
Tab.4 Concentrations of the PSTs in bivalve mollusks purchased in local market (pg/kg)
STX deSTX NEO deNEO GTX1 GTX4 GTX2 GTX3 GTXS5 deGTX2 deGTX3 C1 C2
92.6 10.1 76.9 ND 191 252 70.6 55.4 ND ND ND 210 164 627
31.3 ND 10.6 ND 245 316 90.8 79.4 ND ND ND 194 154 609
ND ND 69.0 ND 53.4 72.3 ND ND ND 11.4 ND 116 ND 176
ND ND 30.4 ND 72.6 70.4 ND ND ND ND ND 106 23.8 156
34.6 ND ND ND 113 153 23.6 31.4 ND ND ND 346 31.0 287
18.9 ND ND ND 146 37.2 104 56.7 ND ND ND 56.7 28.6 270
ND ND ND ND ND ND ND ND ND ND ND ND ND 0
ND ND ND ND ND ND ND ND ND ND ND ND ND 0
13.5 ND 16.8 ND 32.4 ND 15.4 ND ND ND ND ND ND 68.9
12.9 ND 13.6 ND 18.9 ND 13.7 ND ND ND ND ND ND 50.9
:ND ng STX eq/kg, (Turner et al, 2015)
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Fig.4 XIC and EPI chromatography of STX in standard sample and actual sample
: XIC: extracted ion chromatogram, ; EPI: enhanced product ion chromatography,
STX R Ben-Gigirey B, Rodriguez-Velasco M L, Otero A et al, 2012. A
PSTs , comparative study for PSP toxins quantification by using
MBA and HPLC official methods in shellfish. Toxicon,
60(5): 864—873
Botana L M, 2008. Seafood and Freshwater Toxins:
3 pharmacology, physiology, and detection. New York: CRC
Press, 167.
13 PSTs Boundy M J, Selwood A I, Harwood D T er al, 2015.
- / Development of a sensitive and selective liquid
s s chromatography-mass spectrometry method for high
throughput analysis of paralytic shellfish toxins using
’ graphitised carbon solid phase extraction. Journal of
PSTs ) Chromatography A, 1387: 1—12
, Burrell S, Crum S, Foley B et al, 2016. Proficiency testing of
laboratories for paralytic shellfish poisoning toxins in
shellfish by QUASIMEME: A review. TrAC Trends in
Analytical Chemistry, 75: 10—23
EURLMB, 2014. Standard Operating Procedure for PSP toxins
R s , 2015. 10 by Mouse Bioassay. Vigo, Spain: European Union Reference
- . , 37(4): Laboratory for Marine Biotoxins
364—371 Harju K, Rapinoja M, Avondet M et al, 2015. Results of a
s s , 2014. saxitoxin proficiency test including characterization of
, 35(1): 8—15 reference material and stability studies. Toxins, 7(12):
, , , 2014. 4852—4867
, 36(3): Sayfritz S J, Aasen J A B, Aune T, 2008. Determination of

336—342

paralytic shellfish poisoning toxins in Norwegian shellfish
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by liquid chromatography with fluorescence and tandem quantitation of paralytic shellfish toxins in bivalve shellfish.
mass spectrometry detection. Toxicon, 52(2): 330—340 Journal of AOAC International, 98(3): 609—621
Turner A D, Dhanji-Rapkova M, Algoet M et al, 2012. Zhuo L Y, Yin Y C, Fu W S et al, 2013. Determination of
Investigations into matrix components affecting the paralytic shellfish poisoning toxins by HILIC-MS/MS
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quantitation of paralytic shellfish poisoning toxins in oysters. Chemistry, 137(1—4): 115—121
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Turner A D, McNabb P S, Harwood D T et al, 2015. Single- PSP toxin profile of the Alexandrium tamarense species
laboratory validation of a multitoxin ultra-performance complex along the coast of China. Marine Pollution Bulletin,
LC-hydrophilic  interaction LC-MS/MS method for 89(1—2): 209—219

SIMULTANEOUS IDENTIFICATION AND DETECTION OF PARALYTIC SHELLFISH
TOXIN IN BIVALVE MOLLUSKS BY LIQUID CHROMATOGRAPHY COUPLED WITH
QUADRUPOLE/LINEAR ION TRAP TANDEM MASS SPECTROMETRY

WU Hai-Yan" %, GUO Meng-Meng' ?, BING Xiao-Fei’, ZHENG Guan-Chao" %, PENG Ji-Xing" %,
TAN Zhi-Jun' %, ZHAI Yu-Xiu"?

(1. Key Laboratory of Testing and Evaluation for Aquatic Product Safety and Quality, Ministry of Agriculture, Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China; 2. National Center for Quality Supervision and Test
of Aquatic Products, Qingdao 266071, China; 3. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306,

China)

Abstract We developed a new method for simultaneous identification and detection of 13 paralytic shellfish toxins
(PSTs) in bivalve mollusks using liquid chromatography coupled with quadrupole/linear ion trap tandem mass
spectrometry (LC-QTrap/MS). Samples were extracted with acetic acid aqueous solution, and cleaned up in ENVI-Carb
solid-phase extraction column. Separation of the 13 PSTs were performed on an HILIC (hydrophilic interaction liquid
chromatography) with multiple reaction monitoring (MRM)-information-dependent acquisition (IDA) experiment-
enhanced product ion (EPI) scan in mass spectrometry acquisition. The calibration curves are linear well with correlation
coefficient over 0.99. The overall detection limit of the method is 62.0ug for STX eq/kg; specifically, the limit for STX,
dcSTX, NEO, dcNEO, and GTXS5 was 10.0pg/kg; 12.0pg/kg for GTX1; 4ug/kg for GTX3, GTX4, C2 and dcGTX3, and
13png/kg for C1 and deGTX2. The average spiked recoveries for 13PSTs were (79.6+£10.4)%—(98.8+6.54)%. This method
could reduce shellfish matrix suppression effect, simplify pre-treatment, reduce the times of dilution, and increase the
sensitivity, during which isomers could be separated from baseline. The proposed method therefore is recommended to
identify and detect the 13PSTs in bivalve mollusks.

Key words paralytic shellfish toxins; matrix suppression effect; solid-phase extraction
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