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W OE: By 7 s Al - = OB A (6 - = FE DU B % (liquid  chromatography coupled with
triple quadrupole mass spectrometry, HPLC-MS/MS)A I 72287k = Hh 3B BRI k. T3k RS 80%H
FEK BRI, 35 W AW R 2% RS 8 o B SR AR ek, VR AR E T e AR BALINE . R &
InfinityLab Poroshell 120 EC-C s (34355, LA 10 mmol/L H iR %i-0.1% F R- I Wy Vi shAR EA T AR BE VR . £
A I (multiple reaction monitoring, MRM)AE UK . 855 #CHE BEFRTE 20.0~200 ng/mL 78 [ N 2t 56
A RLF, HRRECH 0.9999, KBy 0.002 pg/g, [FICR 75.2%~85.7%, AAXTARIENZE A 0.8%~3.4%. £5iL
AT R . FRBUSCRAT . JCEE NGO, 16 T RGEIIKT PR R A IR A

KR RGeS, NRER, BCHMIR, AL OB ik - = 5 VU BT IS, JE s

Determination of domoic acid in bivalve aquatic products by immunoaffinity
column purification-high performance liquid chromatography-triple
quadrupole mass spectrometry
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ABSTRACT: Objective To establish a method for determination of domoic acid in bivalve aquatic products by
immunoaftinity column purification-high performance liquid chromatography-triple quadrupole mass spectrometry
(HPLC-MS/MS). Methods The sample was extracted with 80% methanol water, and the supernatant was added to
phosphate buffer and purified by an immunoaffinity column. The eluent was blown to dry and constant volume with
nitrogen and then measured on the machine. The analyte was separated with an InfinityLab Poroshell 120 EC-C,g
chromatographic column using 10 mmol/L ammonium formate-0.1% formic acid-methanol as the mobile phase for
gradient elution, detected with multiple reaction monitoring (MRM) mode. Results Domoic acid had a good linear
relationship in the range of 20.0-200 ng/mL, the correlation coefficient was 0.9999, the limit of detection was
0.002 pg/g, the recovery rates were 75.2%—85.7%, and the relative standard deviations were 0.8%—3.4%. Conclusion
The method has strong specificity, good extraction effect and no matrix inhibition effect. It is suitable for trace

determination of domoic acid in bivalve aquatic products.
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T AR Bt A T T A IUBEAS KT i i, T W R ONT
TEVEIREE TS g H i IR, TR K AR R BRI A R A
PR R R R AR Y R B, AR R B Y R
DUZARG™ T 4R, 1 R S 2 DU2BE T A (B ™ A=
BRIRKE . DU HE 3R Ui B e SRtk T A A3 e BRI DL
247 K (paralytic shellfish poisoning, PSP) ., JE V51 N KFHER
(diarrheticshellfish poisoning, DSP). ic{Ztsth: K HER
(amnesic shellfish poisoning, ASP) . #fi 2 1 Il 2% #% £
(neurotoxic shellfish poisoning, NSP), H:H it {ZHkdef: D12
R TR ECH ML (domoic acid, DA), ‘&4 H LB
PRI — R A M E RIS I, R LR m AL
B b oy B JR 0 0 AL S a5 A, SR Ay 44 R RO
MR, DA TE NN B 58 AR Z RAHZS &, ek
BB, W51 & aAgURGE. iR B
DA 51 & Y h 3 Fedh A AR e 1987 4RI R Z 18R F
TFEARE, NEH&H DA LG SShEb,
DA Y5 PSP M BEEMERSS, AR Z, WH e
3~6 h i ke, FERBUIER . WS Wik IR ICC
e . BIRELSRR, EE LR, s A
(A AU 3 I C AL KRB 17 R 55 [ X
7= A DA B R 1 B AR HE R 20 mg/kg!® . X
DUZSEETR 7 b T ) DA BEAT IR0 AT AR AT X A A B 45
P AU, (] B A e ] DL 286 38 T 3 K 7 4 Ml ) i B S
o ORI TR SR

HurE WS el DA B EZ LA £¥/AR
#:Bl(mouse bioassay, BMA) . MW Bk % 7 1 P (enzyme—
linked immunosorbent assay, ELISA) . /& % % A @ 1%
12 high performance liquid chromatography, HPLC),
S £ 3 - = 5 DU AT S5 % 3% U " (high performance
liquid chromatography-triple quadrupole mass spectrometry,
HPLC-MS/MS). BMA &4 X # R I RE A2 2 R 451,
TR ENE, HAERINEE R A TR/, Hoii T/
MRS PRI R M2 | BRI R B BT
ELISA HEARIAER R, REJE R4, (HIHEHRERE Y
LR AT E, WIS X A, R RaA T
PAEH, BRI Z . X8R & e AT,
HPLC #7 % S MG I 2 R BEiE 1T DA & 850 e i
(=20 pg/g), MK % FREA IR & DA (FE G, (HAF
TR BT A, BRI HASHER, LC-MS/MS i TR
R . PUTINRE R . EMEE ST REERG, ORI
IR R R R i IR, (RRE A B A AN RE

AR 2% RN B B JBURAONE, B2 B LC-MS/MS
T 0 R AURE RN [, G 2 SR 4 T 5 BE R KRR, GB
5009.198—2016 { D12 DU EE R M ) 55 =1k
FRIVERS W0 92 Hh YRR A € 38 2 ANV RE €0 3 - B BB SR 1 925 PO A i i
Ab ¥R A I, ¥y 2R R A B B A 2R Bk, R Ak
HURORAGT, XA R RIRE ST T UEA T 3L L e, B4 R
W, FE RN K, BRECRAE, BREEEERA
QuEChERS!" ik AT Hi AL B, B8 Al kb BR324 f 2, {BATS
TAHREFRVCHL, [AISCREAR

G S S RV VA 3 AR 07 P VR L 3 - R B S 3 T A
WA 4 ZAE AL RTAC B P H 3512, a0 i U0
WIKEE R A RP%, BT bR AR T
SRR RENS RS S T 25 A, $RIUENR R LG FsL
L, X AS [ Fh SR JO T S UL AL, 9 B TR A H
b keI . AR H A SR B e 5 FA AL G
FAK =R S DL 28 2 A e GE .

ARG T FH S SR kA Fe R, i 3R BUR 5]
A ZE B R ) S A, RS RGESRIK = DA IG5
VR Ve Ak - 0 255 R € - — R DU R S A I 5 i, A
DA PR E IR RRIA UK b DA BB XU W42
PERE AT R

1 RS

1.1 # #®
L1 # &

FE SRR A BEIITT ZW X K p Ti Y, fds ol
DU 4R AL F 0L A, WA, b7 FissEdskee
i, BEAE T =20 °C R RAE T kAR
112 BELHKA

6410B Triple Quad =i AH (3 - JoT ik Bk AR (35 [
Agilent /N 7]); InfinityLab Poroshell 120 EC-Cg {4 %41
(100 mmx2.1 mm, 2.7 pm, EE Agilent /A 7]); DA 5%
FIFE(1000 ng, 3 mL; dbatEIEAYRHE A RAH); 3K30
e AR B O HL(GE [ Sigma /A F]); GDX-271 A4 [ gl i
AHZEBUYL (1 E 5 /R FR A A]); Turbo Vap ILE f e (L (35
Biotage A7),

LB F/K(EEE Millipore Q A /), 2. HEE, HER
(s, £E Merck Anl); HERE (GG, ME Sigma
3w]); NayHPO, 12H,0(40 M4k, [ 254 Ak 253 4 R
/3 w]); NaHoPOy 2HO(50 M4k, |- A Refb:) A R D),
NaCl(4rHrali, PURhE 4 B2 Fl); DA FRifES: (CAS
14277-97-5, 4l 99%, 3£ CFW Labs /A #).
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1.2 /5 %
1.2.1 AREHERGEE

PRUERE R B DA ARifES 1 mg F 10 mL AR,
A 10% K V:V, LU RS RIS I E A 2205, By
PRUERE IR, T-20 °CFF~-1F o

P A R TBOGE X AR i b v A 4 T 00 4R 0 30
FAVE (10 mmol/L I FRE%—0.1%F R : F i, 80:20, V:V)HEA T
Tk, 153 HeE JE 7 20~200 ng/mL FAxR e i FH R

5 MR £k 2% wh MK (phosphate buffer solution , PBS,
0.05 mol/L, pH=7.3): # Hl Na,HPO, 12H,0 129 g,
NaH,PO4-2H,0 2.175 g, NaCl 8.5 g, FEB T IKIEMIHE
2% 1000 mL,
1.22 HomiaE

HERFREN 1 g L5155 B DL 2K AR T 15 mL 3
BIELLE R, A 4 mL 80% R K, Wik 2 min, =
IR A HREL 10 min, 8000 t/min 5.0 5 min, B8 FIEH, #
s A 4 mL 80% HBUK I E L IREL, &I3F 2 AR i
W, F 80%HEB/KIEBERZE 10 mL, B EFHK 5 mL A
20 mL PBS IR TR R, Aiva il e p kil

GPE LA M B = RS, RO AR s
TE 12 /s, FRESE RS, 3 mL 20%H BEKis ikt s
SRFIRE, WER 2~3 /s, R SE R A SAEHET, A
3 mL 80% F BRI WA TR, SR TSl 4E 1 i/s; WCHEDEIR
T 55 CCTFAMREIET, AVIRRSIMHER S 2 mL, iwfiE
2 min, 10000 r/min Z5.C> 10 min, B 35 EHLINE o
123 MBELEH

RS A IR BSI(+) . TSR : 350°C, T8
SR 10.0 L/min, 540K J1: 38 psi, BANE HLIE: 4000 V,
22 J iy W AR =X (multiple reaction monitoring, MRM), J&iji%
SR 1,

®1 DAMZRNIEMNERSH

Table 1 Multi-response monitoring model parameters of DA

e BT TET iR flf 42 i
(m/z) (m/z) Y% A%
266.1* 15
DA 312.2 120
161.1 25

TE R T

{6 3% 25 4: InfinityLab Poroshell 120 EC-Cg {4 jfAt:
(100 mmx=2.1 mm, 2.7 pm; ), #aAH: A 4 10 mmol/L H iR
B—0.1%F BRAKIF W, B AHEE, HahHRHE 0.3 mL/min.
FEIR 40 °C. HERERE 10 pL, BEEFVRBIFLT L3R 2,

2 GER5HH

2.1 HIRESE AR
ABFTER e R AL EoR, B e S, 0

FERTRNL . ISR S SF R A o Sl DA S R R AE IS
PRI RGE IR . DRI M R RR S5 25, 5 3 B A2 B
A, A Ak L R A8 A 8 T A, I e KRR
HuE AR FARY . SEBR 03 LA T UEILIBCR FH AR BT 80%
FA K PR I e AR,k B 40 R A B T, DA 1)
[EHSCRAN T 50%, 1 80% F B /K i A E S B i v i [l
WA AT 100%, X AT RESE I DA A B i T HIEE, WAz
A D OKAFTER AT DA SR, FILEERE 80%
BRI WA D e BE Xor  BOE WAA BLE A T 400 A Ik 2 B
3 mL R LI HARY S8 R Ue i T ok HegL 1 Rl —n
BRI EEAE S PV e B R A SR SOV T e
PR T SR E 2 i O R B B AR A8, R BER 2
Fobvdab 37 50 O (R s, 2 PR A 0 U S AR PR A R
DA A G g Ak, PR R . Ah, i AT
FHAI AR T SRR A2 R S B T W C T AR ) Y 2 DA B4
T AR, R BRIV, UE B RE i 28 G i SR AR v b I
RE A5 52 4T R B BTSN

x2 HERRER

Table 2 Gradient elution program

Bfl/min - WENAH A/% WA B/%  iHEU/(mL/min)
0.0 80 20 0.3
1.00 80 20 0.3
4.00 20 80 0.3
5.00 20 80 0.3
5.01 80 20 0.3
8.00 80 20 0.3

22 BIERFRIEERERK

% F InfinityLab Poroshell 120 EC-C5 o i 4+
(100 mmx2.1 mm, 2.7 pm), FHHN 10 mmol/L F RS
—0.1% FF R /K 5 0 R0 R I, S el AR Ao B e e R I, (i E
AL A OIS SA I I 40 i, I HAS 3 RAF 4R AR $% DA
Oy FEERY, VEPRAE BB SE I B AR A, kA 0
MRM (45 1), {15 HARP 500 NS 5 5ok .
23 FHIERRM

HZS U DURE % 1.2.2 T80 kb 3RS 55 25 1 38 50
FESRIEAT 00T, S5 & BAS (1 DURR S TE DA Uit |
Tee i, 15 28 b AR ST A B A it R 800 5
BN, JridrEsERcr, W 1,
24 FHEMZMARE. REHRMESMRER

FARI AT ARG DA FRifEfg & WA TR R, 1581k
JLFE A 20.0~200 ng/mL ARRER FHW . LA DA (R EE N
AR (X), WA TR DN ARBR (V) A TR AE 1T H, etk Oy 7l
Y=109.4852X-389.2168, LMHHILREN 0.9999. LIZs5H
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TR EACHIY DA WRAER 3 F5(E 15 H(SIN=3)XT I Y
e BEAE H Kt BR (limit of detection, LOD), LA 10 f%{5Me 1,
(S/N=10) X L 4 ¥ FE 4 24 5 R (limit of quantitation,
LOQ).1ZJ5 1) LOD & 0.002 pg/g, LOQ 4 0.006 pg/g, 4
T EFR GB 5009.198—2016 F AR (233 5 RSB ik A AG:
H BRI P, AR S A i L R DA ARSI R
25 FHERWERMGEE

TE28 1R DL s & 10 DA FRUEVE R, &
DA . P, K 3 HEE0.8, 0.4, 0.2 pg/g) I BFERE

£ o6y, HHHE 1.2.2 FRAAL PSS UEAT 4007 o LA 24 H bR il
LT B ST DA &, A 6 (I SRR AT
FRUED 22 (relative standard deviation, RSD), 1E Mtk kG
L REEEZME 6 d, 1155 RSD i, 1E ALK
BE, SR ER 30 NS ER R R, 78 3 AR EE A
P S O 1 A v I 1 O O < O 1 T e = 5 o P =2
75.2%~85.7%.76.1%~85.0%, |01\ ZAE A% i /2 K6 ) 75 22,
T 4R GB 5009.198—2016 38 AH 2 3 #5813 32 rp 31 9
A Il 2R Y B
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488 i ] /min

TE: A s CURRIARE f; B 928 EUARIFINARAR (0.1 pg/g DA); C 4 100 ng/mL DA #Rif
BT R[REEER B9 MRM @35 1E
Fig. MRM chromatograms of different samples

=3 mEDH DA B EUER NS E E (n=6)
Table 3 Recovery and RSD of DA in scallop (n=6)

HEWN Eji ]
o S B
he/e))  mEgx RrsD [ RSD
1% 1% /% 1%
0.2 75.2 1.0 76.1 3.1
B3l 0.4 79.9 0.8 78.9 2.9
0.8 85.7 1.3 85.0 3.4

2.6 KPR

AW P DL, BRI, 4WE . W, B AR, W
F1 7 FRGEEK 7 St 11 RS IERT T A, 2 17 J DU
R T DA, RSB 1.852, 0.771 ng/g, HAFER
AR DA MBEALEE H S5 R k40T, DA BIREH R
A, 1A AT AR BT AT AR BEACRANAT RE R R DA
WIS EKTE, IR R A SE E A PR 20 ng/g %
%, EARIR LU A TR T TR 320 RO 78 287K 7 S i
DA XU Wi, Rkl DR A8 A 2 B it 5 R X A A
fe eI fi 3 o



oM

T2, S G SRR AL - R BORAR €1 - = 3 DU AT T 7 X2 287K ™ A e R

3731

3 & i

AT 5 2R FH G 88 3 ANEE Xt A5 28 K 77 Hp A 0
R UEAT AL 3R I, SR )5 R HPLC-MS/MS R 47 52 52
0 4 SR AR S BT AL 5 1 RS TH BR AR B L AN, iR
e T EFR GB 5009.198—2016 H i A {0 13% - 58 BE S % 9 7
LR AT R T DG I A M, ] A AL B TR I SR A [
W, 33X R PPl XSS 2 A rh R R A A RURS: A 4
BT AT AR T B, T AT IR DA S
HEE AR Z, SRR AR S B A B, 753 Tk iF
S TP N T I NS U AR S RN 2 R R, DU AR S 2
BRI S 56 BB
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