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Abstract: Precursor-ion scan (PrelS) is a versatile scanning mode but not commonly

used by mass spectrometry analyzers. In this study, a shotgun method was developed
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for fast untargeted screening of MCs in Mylopharyngodon piceus (M. Piceus) on the
basis of the specific functions of PrelS and the structural characteristics of MCs. The
performance of this method was improved by optimizing the conditions of solid-phase
extraction and parameters of mass spectrometry. Three types sorbent were compared,
including florisil, HLB, and C18. The HLB (68. 2%-83. 4%) performed best, followed
by C18 (63.5%-78.5%) and florisil (ca.60%). 2% and 80% methonal were used as
washing and eluting solvents, respectively. The MCs were easily ionized as doubly
charged ions [M+2H*".
ions like m/z 375, 213 and 135, where m/z 135 is the most intensive one. Therefore,

m/z 135 was selected for conducting PrelS of MCs. The standard solution of five MCs

Under product-ion scan, all the MCs can generate fragment

mixture was detected, and all the doubly charged ions of MCs were observed. Finally,
the proposed shotgun method was validated in terms of linearity, sensitivity, precision
and recovery. The results indicated that the calibration curves are linear with R* of
0.992 5-0.997 1. The LOD and LOQ are not more than 1. 25 and 3. 99 pg/L, respec-
tively. The RSDs of intra-day and inter-day precision are 6. 8%-8. 6% and 7. 2%-9. 1%,
respectively. All the MCs can be well recovered with recovery of 68.2%-83.4%, and
RSDs of 4.5%-6.8%. This method was applied to the M. Piceus samples from local
market, and 15% samples were detected to be positive. MC-RR and MC-LR are the two
frequently detected MCs in these samples, with concentrations of 3. 4-15. 8 ug/kg. The
shotgun method is robust and efficient in detecting MCs in M. Piceus. The data are
important references for related functional department to ensure the food safety of
domestic consumers.

Key words: precursor-ion scan (PrelS); shotgun method; microcystins (MCs); mass

spectrometry (MS); Mylopharyngodon piceus
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Table 1 Mass spectrometry parameters of MC species

A H i B Y F X A B 5 R SR
=t Singly charged Double charged Mass parameters
Compounds precursor ions precursor ions L E NS 98 482 5 1 o IR
(M+H]" [M+2zH]* DP EP CE CXP
MC-RR 1039.0 520. 3 70 10 45 8
MC-YR 1046. 0 523.8 65 8 20 14
MC-LR 996. 1 498.7 40 10 16 10
MC-LF 987. 2 494. 1 35 10 16 10
MC-LW 1024.9 513.8 35 8 20 8
100
MC-RR MC-YR MC-LR MC-LF & MC-LW
80 -[
N
\
< I
+§ﬂ_ 60 -
=
[
40+
20

Florisil

C18

B 1 AR EEERER X MCs [ % i % 0
Fig. 1 Effect of sorbent types on the recovery of MCs
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Fig.2 Mass spectrum of MCs under Q1 full scan
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Fig.3 MS® mass spectrum of MC-RR (a) and precursor ion scan of m/z 135.2 (b)



164

it i 2 4

a0t

5 MMCs 78 735 [ rp 2577 A2 0K 3 FiRF AR F
W, A CE BB, 78 45 A1 7 08 d {0 fE
T m/z 135 {55 B iR K,k 3. 5X107,
I, A SEIG BE £ m/ 2 135 S MCs 4 E ¢ Fr gt
1T PrelS 4.

il ] MC-RR i #E T AF W 2 JEAE, Dl =
135 R AERE i #EAT PrelS 4794, 78 T 18] b, W]
UL s i R 8 R e m/ = 520. 2[ RR+-2H "
15 W, i 54 WA, B O 22 A, AT L2 B D
M m/z 531. 3[RR+H-+ Na |*" 1 m/z 542.2
[RR+2Na]?" ;78 m/z 1 039. 0 &bk K ) 2 B4
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Fig. 4 Mass spectrum of MC species using precursor ion scan mode
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JHSE PR ity 5 O AR 5 i 1) 07 05 ) ) s
A7 5 il MCs o o HiT 2k 38 o A v il 2 ) ek ok
B ] 32 B Whe i J50 500 B R W L 45 R 5 TR 2.
AL AE LA [ L 25 MC A R B R
I 0.992 5~0. 997 1 Z Ja] , 454~ Kl s 1) 2

JoR RN A U0 s o T 2 A 2o R T 41K 2Rt
KFR RAF BRI 2 — M A 75 5K
2.4 FERFWIE

K bR A S vk W e Oy i R B AR AR
3 A 10 f5 45 M e (S/NDHfi i MCs 1 7 B2 K6
HBR (LOD) F1E &8 FR (LOQ) » 45 S 41 F 3% 2,
AL % T 5 00 RO B v A BRI B4y
FIAKTF 1.25 pg/L A1 3.99 pg/L. fig 45 2
MCs (5 2 5 BE R I i 25K . 7628 1 ke
HE I MCs A5 #E 5 T 4E % W il B 100, 200
pg/ LI INARFE S 1. 3 1 J7 6 E AT RS % B A
L3R S5 RS Kl 6 YCF AT I e L 45
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Table 2 Linearity and sensitivity of shotgun untargeted screening of MCs using mass spectrometry
_ o H1% R M -
&Y M s o T 4 . i o i B JE R
Correlation
Compounds Linear ranges Calibration curves LODs/ (pg/L) LOQs/(pg/1)
coefficients(R?)
MC-RR 10~500 y=2X10"x+12336 0.9925 0. 82 2.55
MC-YR 5~500 y=8X107x+15220 0.9971 0.13 0.42
MC-LR 5~500 y=8X107x+12392 0.9934 0.21 0.71
MC-LF 10~500 y=10"x+18152 0.9958 1. 25 3. 99
MC-LW 10~500 y=3X10"x+13617 0.9925 0.51 1. 68

®3 LDREFERRERE MCs I RBE  BEEMEIKRE

Table 3 Sensitivity, accuracy and recovery of shotgun untargeted screening of MCs using mass spectrometry

H RS % 2

Intra-day precisions

e IR

CIES

Recoveries

H [a]H 5 52

Spiked

Inter-day

Compounds levels/(ug/L) 5 RSDs/ % precisions/ % ) RSDs/ %
Mean/(pg/1) Mean/ %
MC-RR 200 136 7.2 7.9 68. 2 6.8
MC-YR 100 80. 1 6.8 7.2 80. 1 5.7
MC-LR 100 77.8 7.1 7.8 77.8 4.5
MC-LF 200 153 7.5 8.0 76.9 6.1
MC-LW 200 166 8.6 9.1 83.4 5.9

G 80 55 118 R X o 74t 2 43 591 A 6. 896 ~8. 6 26 Al
7.2%~9. 104, Uk BZ 7 15 1 5 B0 M 4505 Imlilk
ZHy 68. 2% ~83.4% RSD 2 4. 5% ~6. 8% . fig
% 6 2 — B B I 4k 1Y) 0K
2.5 MK

N T @ b AR MCs 75 32 00 . R
ST 1) BT B AR kR ) O T 20 S R
b JEXF G R B T RO G e b, AR K.
20 M AR L 2R 3 N RE S R MCs Oy
FEPE A Rk 15 %6, EZA 1) MCs FiZ
MC-RR #l MC-LR,MCs JA ¥ H 3.4~15.8
pg/ kg LARFE SRR MCs, & 5 47 D)
WL A5 D2 Sk £ 1 SRS LAYR R B A
FUBSFE BT K TR PR UEAR Y A OK A MY B
SR MCs 845 by il ok W 5k & £ 305
RN

3 i
AT G FE ST T —Fl B 3 A o R ek O A

A MCs %8 o %7 IR TEMERGJE | [m] i R 55
77 T W 3 TR LA LC-MS/MS MRM i, {5
546 5 ) RGN0 e R R T P A A R AR il
AL LR U HGE A5 A o KR it B B R A 15 L
TP A A A MCs BH M RE S AR5 3
HPLC-MS/MS Xf BH 1 B i 247 E 5 € &, 7]
A FE AR AR AR 48 A
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