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Determination of 5 Kinds of peptide toxins in wild mushroom poisoning
samples by high performance liquid chromatography-tandem mass
spectrometry

WEI Hui-Wei, LIU Jin-Ming", SUN Jin-Ying, TANG Liang, ZHENG Quan-Dong
(Longgang District Center for Disease Control and Prevention, Shenzhen 518172, China)
ABSTRACT: Objective To establish an analytical method for the rapid determination of 5 kinds of peptide toxins
in samples from wild mushroom poisoning incidents by high performance liquid chromatography-tandem mass

spectrometry (HPLC-MS/MS). Methods The remaining mushrooms and patient urine samples were extracted by
methanol, purified by 250 mg N-propyl ethylenediamine (PSA), and separated by Waters CORTECS C¢" liquid
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chromatography column. The mobile phase consisted of methanol and 2 mmol/L ammonium acetate (containing

0.1% formic acid) under gradient elution. They were determined by HPLC-MS/MS. Results The 5 kinds of

peptide toxins had a good linear relationship (+>0.997) at the concentration 10.0-500.0 pg/L. The limits of

detection (LODs) of 5 kinds of peptide toxins in the mushroom samples were 2.0-3.0 pg/kg, the limits of

quantification (LOQs) were 5.0-10.0 pg/kg. In the urine samples, the LODs of 5 kinds of peptide toxins were
0.8—-1.2 ng/L, the LOQs were 2.0-4.0 pg/L. The recoveries of method were 60.1%—94.9%, and the relative standard

deviations were 2.0%—17.7% (n=6). Conclusion This method is accurate and rapid, and suitable for determination of

peptide toxins in residual mushroom and patient urine samples from wild mushroom poisoning incidents.

KEY WORDS: high performance liquid chromatography-tandem mass spectrometry; food poisoning; peptide

toxins; amatoxins; phallotoxins
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8000 r/min. 4 °C F&.0> 5 min, W 7.0 mL FiHREBRE
15 mL 208, A 250 mg PSA WK, WAHENR 5 min,
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Table 1 Mass spectrometry parameters of 5 kinds of peptide toxins

BRI/ 14+ B3 Bt 8] /min EEBSF (mlz) TBIT(mlz) LRV Tl 3 St i/ V
0-AMA 4.15 919.7 259.2%/339.3 140 65/70
B-AMA 431 920.6 259.2%/902.6 140 55/35
y-AMA 4.37 903.5 243.3*%/323.4 130 55/65
POD 474 789.5 444.2%/330.1 115 50/55
PCD 4.86 847.6 157.2%/330.1 120 85/55
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Fig.3 Optimization results of absorbents
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Table 2 Analysis performance indicators of 5 kinds of peptide toxins

i3 PREE
Vit - Jey=) - proy=y
TR RGRMe  hE ERR B kg R ERR
/(pg/kg) /(nglkg) /(pg/L) /(pg/L)
a-AMA  Y=70X+43.9 0.9999 3.0 10.0 Y=89.X+332 0.9981 1.2 4.0
B-AMA  Y=134X+68.9 0.9998 3.0 10.0 Y=130X+269 0.9994 1.2 4.0
»-AMA  Y=419X+787 0.9999 3.0 10.0 Y=393X+1320 0.9986 1.2 4.0
POD Y=513X+784 0.9994 2.0 Y=409X+1100 0.9991 0.8 2.0
PCD Y=303X+3140 0.9976 3.0 10.0 Y=259X+1860 0.9974 1.2 4.0

2.6 EPRtE@mART

FAZRWIFGE ST AT R XN — R i s v s
PP TR R A BB PR TN, IR RS T IR TR R,
LRI LA 4, BARSE R 4, 3 (RFIAELERE S TP POD
KAGHAL, HA 4 FhEEZE a-AMA ., f-AMA ., y-AMA F1 PCD
PG #H, Hrb a-AMA . B-AMA F1 PCD % &3ty 185.0~

1100.0 mg/kg, p-AMA % EEEY 2.6~15.7 mg/kg, FREEA{UG:

i a-AMA Fll B-AMA, SR 6.0~6.8 png/L. FIRE MM

BE YRR R R R B R R, 455 BE AR,
BB Ah BRI S IR R R S R B . B AR

FERPA A BB AR S R S A, AT ERTA BRSSO )
AT EIHIRGRE 1000 £i5)5 ELEEERE, PRk o8 e TEIfiAr
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Table 3 Results of spiked recovery rates and precision (n=6)
= T i = PR
SHTY TR/ (ug/k Jinkr &/ (ng/L
R/ (igke) Tl i % /% RSDs/% =T ET RSDs/%
20.0 65.9 11.2 40.0 61.0 17.7
a-AMA 50.0 85.1 7.1 100.0 74.8 5.4
200.0 94.9 2.7 400.0 83.6 10.1
20.0 82.2 12.6 40.0 63.3 10.2
S-AMA 50.0 81.7 9.5 100.0 79.2 10.8
200.0 90.6 2.9 400.0 85.9 11.5
20.0 74.9 6.2 40.0 60.4 12.8
y-AMA 50.0 83.6 4.6 100.0 83.6 8.6
200.0 93.5 2.0 400.0 85.9 11.5
20.0 83.8 9.4 40.0 66.8 11.7
POD 50.0 81.6 4.2 100.0 84.7 9.5
200.0 88.8 2.2 400.0 90.3 9.2
20.0 69.7 3.4 40.0 60.1 12.8
PCD 50.0 76.6 7.2 100.0 80.9 10.8
200.0 89.9 2.5 400.0 88.2 7.8
A 1.2x10° 3
6.0%10° 4 g
2 2'8.0x10°
2 " 2 6.0x10°
B 4.0x10 - 2400
E 2.0x10°
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3 o
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PR BA B[] /min
c 8.0x10°
6 — @
@ 20410 5 6.0x10°
§“ 1.5x10° 4.0x10°
i
;% 1.0x10° 2.0x10°
] 0
Z  5.0x10° 425 430 435 440 445 450
0 AR B3 B ] /min
D 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0
2 2x10° - 1 R B R ] /min
o
X
BHoox10°
B
3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0
R R[] /min

T A1 S BRI R 20 1% B. 2 S A AL IO B 50 4%, C. 3 S BEAEAE IR 20 1% D. RAE.
K4 SRkt iig
Fig.4 Chromatograms of real samples
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Table 4 Detection results of 5 kinds of peptide toxins in
real samples

e | S 25 3SR PR
/(mg/kg)  /(mg/kg)  /(mg/kg) [(pg/L)
a-AMA 747.0 925.0 185.0 6.0
S-AMA 609.0 1100.0 300.0 6.8
y-AMA 4.2 15.7 2.6 K
POD A A A A
PCD 357.0 490.0 190.0 ER o4
3 % ®
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JFAB AT o DR RIS 2 3R P B AP AR 25, PR R
PR 22, SOGB4 B g p R R B AL, 20oR B HF AR
P i JILp TP

SE

(1

wal, B, W, S R AT s XA IE T ).
[ £ 2, 2022, 22(9): 406-413.

GAO J, WANG N, XIE RB, et al. Research progress on detection methods
for common toxic mushroom toxins [J]. Journal of Chinese Institute of
Food Science and Technology, 2022, 22(9): 406-413.

LI W, PIRES SM, LIU ZT, et al. Mushroom poisoning outbreaks-China,
2010—2020 [J]. China CDC Weekly, 2021, 3(24): 518-522.

XU, PhEDS, A, A REE RN I TSR], AT
MR2EAR, 2021, 40(4): 503-509.

LIU RQ, SUN JF, NIU YM, et al. Research progress in detection methods
for amatoxin [J]. Journal of Instrumental Analysis, 2021, 40(4): 503-509.
FIREK, TS, AR, T E B R RR2IG IR R T IR I
K2, 2019, 20(8): 583-598.

LU ZQ, HONG GL, SUN CY, et al. Consensus of clinical experts in the
diagnosis and treatment of mushroom poisoning in China [J]. Journal of
Clinical Emergency, 2019, 20(8): 583-598.

BERE, WIVLHR, WREETH, 5. J0 S AL AE B 2 20 (- sh IR B i
HRIE R A T 6 FRGE IR ER NG R B RTh
Hrl2E4H, 2021, 12(22): 8695-8702.

XUE K, HU JT, CHEN JY, et al. Simultaneous determination of 6 kinds of
amatoxins and phallotoxins in wild mushrooms by dispersive solid-phase
extraction-ultra  performance

liquid chromatography-tandem mass

[10]

[11]

[12]

[13]

[14]

[15]

[16]

spectrometry [J]. Journal of Food Safety & Quality, 2021, 12(22):
8695-8702.

FRAR, LA, FORXL, 45 FETROR (3 -H BT AR PREAG I 6
I A3 SR BRI (9], b [ 2B R 2%, 2023, 43(9): 673-678.
YANG S, PU SB, ZHENG FS, et al. Rapid detection of six mushroom
toxins in human body fluids by LC-MS/MS and its application in clinical
poisoning cases [J]. Chinese Journal of Critical Care Medicine, 2023,
43(9): 673-678.

503, ESRAME, ARHTEL. TurboFlow 7ELRFH-TBUAH (3i- A3 B BT v e
TR SRR E IR R[], (0il, 2021, 39(3): 338-345.

FANG L, QIU FM, YU XW. Determination of amanita peptide toxins in
human urine by TurboFlow online clean-up-liquid chromatography
tandem mass spectrometry [J]. Chinese Journal of Chromatography, 2021,
39(3): 338-345.

MTFZE, BahE, T, 4. QUEChERS-JRH 1% - 10 g A1 AT A] T
LI E SR R 5 RISE IS ED]. £MEeT A, 202130):
78-80, 82.

LIN ZH, LUO DF, QI P, et al. QuEChERS-liquid chromatography-
quadrupole time-of-flight mass spectrometry for the determination of 5
kinds of peptide toxins in poisonous mushrooms [J]. China Food Safety
Magazine, 2021(30): 78-80, 82.

AL, A SR AR 25 PR IR RIS IR R LR
TR TR R4, 2020, 13(1): 20-28.

YU CM, LI HJ. Expert consensus on clinical diagnosis and treatment of
mushroom poisoning with amanita toxin peptide in China [J]. Chinese
Journal of Critical Care Medicine, 2020, 13(1): 20-28.

M, B, WIORE, S R B RIRIK T 4 R IR R A
REAE P9 725 AR 0385 - DU R A T I IR] S R BT 4 BT [0, o ] 1R
B2, 2018, 28(16): 1941-1946.

LIU J, HUANG HY, ZENG ZX, et al. Analysis of four amatoxins and
phallotoxins content in rat serum and urine by ultra performance liquid
chromatography quadrupole time-of-flight mass spectrometry [J]. Chinese
Journal of Health Laboratory Technology, 2018, 28(16): 1941-1946.
BARBORO M, PETER O, MARIE S, ef al. Determination of muscarine in
human urine by electrospray liquid chromatographic-mass spectrometric [J].
Journal Chromatography B, 2011, 879(25): 2549-2553.

JANE T, PETER O, IVO V. Simultaneous determination of mushroom
toxins a-amanitin, f-amanitin and muscarine in human urine by
solid-phase extraction and ultra-high-performance liquid chromatography
coupled with ultra-high-resolution TOF mass spectrometry [J]. Forensic
Science International, 2015, 251: 209-213.

PAVLINA G, BARBORA S, PETER O, et al. Determination of mushroom
toxins ibotenic acid, muscimol and muscarine by capillary electrophoresis
coupled with electrospray tandem mass spectrometry [J]. Talanta, 2014,
125:242-247.

GAO JL, PENG ZM, ZHANG Y, et al. Truncated DNA aptamer for rapid
ffuorometric detection of the lethal toxin a-amanitin [J]. Food Bioscience,
2023, 55(103064): 1-10.

GAO JL, LIU NY, ZHANG XM, et al. Utilizing the DNA aptamer to
determine lethal-amanitin in mushroom samples and urine by magnetic
bead-ELISA (MELISA) [J]. Molecules, 20 22, 27(538): 1-16.

WAR, E8, D, & IERESIOR-RRIE ICIR I K A P14 18R
PRGN EF A B 0 o-REFFREARD]. B i 2 TR DA 4, 2023,



%591 FERL, % RRORAR (- A5 TSR E AR B s P R AL D S RS IR RER 185
14(10): 76-83. mushroom toxins in wild fungus by liquid chromatography-tandem mass
YANG RX, WANG W, MAY, et al. Rapid detection of a-amanitin in wild spectrometry [J]. Chinese Journal of Food Hygiene, 2022, 34(2): 262-269.
mushroom based on electropositive gold nanoparticles-aptamer [25] VRIRIR, MRARE, (RIEAR, 5. 8 aOmoRT (o - A3 0 i oA 0 i B
nanobiosensor [J]. Journal of Food Safety & Quality, 2023, 14(10): 76-83. b 5 PIGRERE S 4R K A RET]. B TR RAEAR, 2020, 119):

[17] XUmivk, 285, Mgk, 5. kPR Rk 4234 ELISA Ky 6936-6941.

R[] B Tk, 2022, 43(5): 294-301. XU XX, CHEN CX, ZHONG YT, et al. Determination of 5 kinds of
LIU HB, QIN Y, XING WW, ef al. Establishment of indirect competitive virulent mushroom toxins in poisonous mushroom by ultra performance
ELISA method for detecting amanitin in mushroom [J]. Science and liquid chromatography tandem mass spectrometry [J]. Journal of Food
Technology of Food Industry, 2022, 43(5): 294-301. Safety & Quality, 2020, 11(9): 6936-6941.

[18] JAN R, MICHAEL P, UTE P. Identification of toxic oligopeptides in [26] Bl/NF, FEEE, $EREY, S AORAH G - — HE PU R R
amanita fungi employing capillary electrophoresis electrospray 5 DRYNRE AR LU AR B v 5 Rh RS RS 1 3815 et [ IE'“.’.«*@BM"TJC?—
ionization-mass spectrometry with positive and negative ion detect [J]. S, 2022, 58(8): 909-913.

Electrophoresis, 2008, 29(10): 2094-2100. YE XL, YUE YJ, LAI JQ, et al. Determination of 5 amanita toxoids in

[19] 5kF5E58, HIK, SRIEZ, 2. B 8OO (1 - A I ARG I s B wild mushrooms from Wutong mountain in Shenzhen by high

AU A BEAE 4 R S FDEEAK[T]. WITTHIBGEE 2%, 2016, 28(2): 214-216. performance liquid chromatography-triple quadrupole tandem mass
ZHANG XY, CAI XX, ZHANG XY, et al. Rapid determination of five spectrometry [J]. Physical Testing and Chemical Analysis (Part B:
toxic peptides in poisonous mushrooms using ultra performance liquid Chemical Analysis), 2022, 58(8): 909-913.
chromatography coupled with diode array detection method [J]. Zhejiang [27] #fES, BRdE, SRR, S5 SRR g/ — T DU AT B B v
Preventive Medicine, 2016, 28(2): 214-216. FE MU AR P REE KRR R 0], bk, 2020, 48(3): 405-412.

[20] BEJME, AR, ST, % QUEChERS-HE 5 AR 5335 H3 56 i WEI JH, CHEN J, WU BD, et al. Determination of amanita peptides in
WAEB AR 15 FUERRERD]. B2 TRRIAER, 2024, human plasma and urine by high performance liquid chromatography
15(18): 239-251. coupled with triple quadrupole mass spectrometry [J]. Chinese Journal of
QU GS, LI XY, CAI GX, et al. Determination of 15 kinds of mushroom Analytical Chemistry, 2020, 48(3): 405-412.
toxins in wild mushrooms based on QUEChERS-ultra performance liquid [28] Z'5F, XA, FLIY, 55, ST RE R = 5 AT T i
chromatography-tandem mass spectrometry [J]. Journal of Food Safety & 7 B BE R 0 A X E R AHTI]. R AR R 5 4, 2022, 6
Quality, 2024, 15(18): 239-251. 15-20.

[21] H=TR, R0k, WEs, S5 R OB (- I T/ S LUO P, LIU XH, KONG F, e al. Screening and quantitative analysis of

R PR G I P S R B B K B 2R ). MG, 2024, 53(4): seven mushroom toxins in mushrooms based on high-resolution mass
4045, 61. spectrometry and triple quadrupole mass spectrometry [J]. Quality and
JIANG YL, WU WL, HUANG YY, et al. Rapid determination of amanita Safety of Agro-products, 2022, 6: 15-20.
peptide toxins in mushrooms by ultra performance liquid chromatography- [29] F¥oriiE, XIESE, WA, S5 ArEUEAHA A A %iﬁlﬁﬂ}@ ik
qexactive orbitrap high-resolution mass spectrometry [J]. Grain Storage, TR R I G R R Y 6 R AR B AR R ()], R
2024, 53(4): 40-45, 61. 24K, 2021, 12(17): 6918-6923.

[22] &%), WA, R, 55 B AORA GRS A PR E K b 6 XUE RX, LIU GP, HUANG YS, ef al. Rapid determination of 6 kinds of
R RE R [J]. TPEIBUCEE, 2024, 62(19): 8-12. wild mushroom toxins in poisonous mushrooms by dispersive solid phase
LI Q, XU JQ, QIAN JQ, et al. Rapid determination of six mushroom extraction combined with ultra performance liquid chromatography-
toxins in plasma by ultra performance liquid chromatography-mass tandem mass spectrometry [J]. Journal of Food Safety & Quality, 2021,
spectrometry [J]. China Modern Doctor, 2024, 62(19): 8-12. 12(17): 6918-6923.

[23] B5gE, WOE, %, % UPLC-MS/MS e Bk . BHIFFH M [30] ZR#R, AHEF:, WhBERR, . B RRORH G-I BTE P B
FURIH 5 FISH KRB R TR ] &6 S5 kKB, 2024, ﬁé.EP 5 FSEIKICEE R[] B ML, 2024, 15(24):
60(3): 117-123. 18-23.

ZENG HW, QI P, PENG MJ, et al. Determination of 5 amanita peptide ZOU M, LI YS, HAN XOU, et al. Rapid determination of 6 kinds of wild

toxins in mushrooms, human serum and urine for scientific research by mushroom toxins in poisonous mushrooms by dispersive solid phase

UPLC-MS/MS [J]. Food and Fermentation Sciences & Technology, 2024, extraction combined with ultra performance liquid chromatography-

60(3): 117-123. tandem mass spectrometry [J]. Journal of Food Safety & Quality, 2024,
[24] #R/NR, R, BEIY, S OR - H 0T A e ) o B A T 15(24): 18-23.

oo FlEETH R R I]. PEEN TAERGE, 2022, 34(2): 262-269.
XU XM, ZHENG YB, HUANG BF, et al. Fast determination of 9

(FAE% % THY i)





