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Rapid determination of 5 kinds of amanita peptide toxins in
mushrooms by ultra performance liquid
chromatography-tandem mass spectrometry

ZOU Miao, LI Yan-Sheng, HAN Xiao-Ou, HUA Zheng-Gang

(Center for Disease Control and Prevention of Liaoning Province, Shenyang 110172, China)

ABSTRACT: Objective To establish a method for the rapid determination of 5 kinds of highly toxic amanita
peptide toxins including a-amanitin, f-amanitin, y-amanitin, phalloidin and phallacidinin in mushrooms by ultra
performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods After thorough
crushing of the sample, 10% methanol was added for ultrasonic extraction. The supernatant was centrifuged and
passed through a 0.22 pum microporous membrane using Waters Xselect CSH Cig (2.1 mmx100 mm, 1.7 pm)
chromatographic column separation, quantitative analysis using external standard method. Results Under
optimized conditions, the lowest limits of detection and limits of quantification of 5 kinds of highly toxic peptide
toxins in this method were 0.02 mg/kg and 0.06 mg/kg, respectively. The average recovery rates were
78.2%—103.5%, and the relative standard deviations were 3.1%—7.6%. Conclusion This method is simple, fast,
accurate, with good recovery rate, and is suitable for rapid emergency detection of food poisoning caused by

amanita peptide toxins.
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Z KK dE R O BOE I Z IR R R A
R IRFNRGE IR, AE A R R R R
TRREFIK, J5E FEAAR pREE IR o- R BRI -
MEBIK, /DR AYEEESE & (median lethal dose, LDsg)%>
B4 1.5~3 mg/kg 1 0.3~0.7 mg/kgt ¥, MBI THE RN
2=t AR, Tt R RN T BR B, H % S A 1 JC
IHGE M Fog ke, — B, D2 E 3 A IE, 1
AR, 51Kk A s mse T Mk, #ar
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(5 mmol/L R B A Ay K AR AL SIAR)HEA TN, HAF: it T
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o B RIS BRI RSP AT, 18
JIk 2 7 2 [M+Na] W IR B A58, T4 [M+H] " i B, H
HLB J SPE {5 205 AL V-1, FubPRmf (a4, SPE A1
T AU A R, ML MERE R MR #EY) T, K2k
BRI 7 LA PR B 43 BT AN, [RIARNBCR ] HLB. SPE,
ECHEIRUR I T B A0 SRR P T B 2 AR
FIE IR —FIAESS I B A AT, SRS B W] B
WMER) 5 AT IR R (a- BT . p-RGTF AR . -8
BN, TR R ETICRR I 2 R AR TR i ii—
T T AR 23 - EB B T % 9% (ultra performance  liquid
chromatography-tandem mass spectrometry, UPLC-MS/MS),
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1 MR5ERE

1.1 UFE5EE

Xevo TQS M i 2k AH €4 1% 5 3 B {X . Waters
Xselect CSH C g (2.1 mmx100 mm, 1.7 pm)(3E[E Waters 2
Al); BS 300S HLFRIFRERE 0.001 g, JbEiFELFIH K
AR H); 8010 G HFEE{X (5 1E WARING /23 #); STI6R i

HE B R LHL(EE Thermo Fisher Scientific 23 l);
KQ-500DE ## 75 i i e (B (L i B 7 A #2A |1 ), Vortex
genie2 ZHHEEIRIR & %5 (32[E Scientific Industries 2\ H]);
0.22 pm FASLIERE (S E PALL 23 #]).

1.2 #R5RF

BEE: T,

H s (iR 40, 3 Thermo Fisher Scientific /A #]); 4
Kbz, E2ERMLFAF A RA A, o-REE B, B-
REREIK, RSB, RECRBERK, KRES
R R T 97%, fE[E Dr. Ehrenstorfer 24 Al)o
1.3 XLWHE
1.3.1  ARBIER 6 Bh)

IRAHFRER A (2000 ng/mL): 43 BIVERFLEL 5 Flks
#EML A 100 uL, HHEERBEZR 1.0 mL, #5].

FrifE 240 TR 43 590 ME A 3% BBUE 4 1R A v o
[ 2 5 A~ 10 mL 2855I rR, FH 10% F BEE 00 B e 45,
TRAT, HARTE RS &AL G W0 BT AR YRR 10, 20,
50, 100, 200 ng/mL.

1.3.2 #enaras

BB B S O BN, BB e RE IR, HERR
1 g F 50 mL B0, A 10%F /KBS 10 mL,
RHEIRATR, M HEE 30 min, 10000 t/min Z5.0> 10 min, |
TEWGE 0.22 um I8R5 5E o
133 &iEsn

3% FE: Waters Xselect CSH Cjs (2.1 mmx100 mm,
1.7 um); #Ei: 40 °C; PEFERE: 10 uL; Hif: 0.3 mL/min; 37
BIHH: A1 0.02% (V:VYREK, B: HEL MWD& RS 1.

=1 BBEEREMH

Table 1 Gradient elution conditions

Aisf 6] /min A/% B/%
0.0 90 10
6.0 60 40
10.0 10 90
13.0 90 10

1.3.4 F#i#

Wiy 2K W55 B 7 R IE B F (electro spray
ionization, ESI+), B T-UHIRAE: 150 °C, BB HIE: 1.5 kV,
JIE 7 R SR EE : 500 °C, HEFLI M iE: 50 L/h, BV RIS
Wik 1000 L/hr, 5 FISHE MCRERESHULE 2.

14 HIELIE
BOFEMEEIE 3 K, BOFBER R BRALR .
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Table 2 Parameters of mass spectra of 5 kinds of amanita
peptide toxins

HEFLH filf {5
I B i
EW g T FET o fEEL/ev
P 920.5 86.1% 50 66
PREFRIK 259.2 58 48
P 919.5 86.2+ 60 76
oW 259.2 60 48
T 903.5 86.2% 56 76
Rk 2432 56 38
RETHBE 847.4 157.2% 68 62
TN 86.2 68 67
789.4 157.2% 72 60
it
—RAEHIK 86.2 72 80
s TR T
2 HER5SH
2.1 NEFHMK
2.1.1 &AL

5 FHSTIRRm R N IRZ IR G Y, HARGR

B, SRR, DAAERIALIN 2 R A (250 mmx4.6 mm,
5 mm)AY Cpg FEFERRYE A 0F P, srdrat e de i, 4
58 22188 F Xselect CSH C g (2.1 mmx100 mm, 1.7 um)
M ZORBAX SB Cig (2.1 mmx100 mm, 1.8 pm) &A%} 5
FALE AT /38 . 4 RERW, i ZORBAX SB Cis
(2.1 mmx 100 mm, 1.8 um)E AR, 2 iR 28 8 Ak (g
2, HAFEDEEANE, M Xselect CSH Cig (2.1 mmx
100 mm, 1.7 pm)fEiEHEE TRA T &SRR HSS Kk
T HL ek CSH MUk UKL, X5 i 8 B s v b A A
WIF I B ROR, Se MLl BT, T HishMl, LA
M5 2% 5 mmol/L Z, TR %K 175 W - FH Bk & (25271,
ARBFFE R T 0.02%Z /K5 5 mmol/L ZFRE/KIETRNE N
IKAHEY, 5 FRISHE KIS E MmN . B SR, 45
W, £ 5 mmol/L ZFRH KR AT A /KA, 2 Fi B 2E 75
PRI FEA T &, 3 F0RE T IR B B R B, T
0.02%Z/K-HERR T, SEWIREE WL L, 4
B RS R AT EOR, I, ABFSTIEA Xselect CSH Cig
(2.1 mmx100 mm, 1.7 pm) W EFERE, 78 0.02%%4 /K -FF BE(R
REA 5 ST RS TR AEATINE . 5 PSR R
% I Wil (multiple reaction monitoring, MRM)#2 B+
TELE 1,

P-REF K B-RGEREIR o-REFBEIK
100 ~ 4.39 100  2.09 100 ~ 3.73

°\\° X o\\o

i ) %

= = =

B = S

8.60 8.60 8.60
0 h A 0 l 0 . |-
5.0 10.0 5.0 10.0 5.0 10.0
£ B8 B} [B] /min £ B3 i} ] /min £ B8 B [E] /min
RET R RETNK ZRREREK
100 - 3.96 100 7.66
i i
= =
= =
= =
1 4.14
0 : : 0 : :
5.0 10.0 5.0 10.0
{8 B [7] /min PRFA I R]/min

BT 5 A IR 2 A MRM $ 50 70

Fig.1

MRM chromatograms of 5 kinds of amanita peptide toxins
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2,12 gL pi

5 RS F IR R I TS5 P A R L LA
RS Ab 2 A, BB R IE T, I AR
BB YRR, KBIEEFREUN 5 G ERER M
[M-+H] " g 1y B 8 348 g, i g A e (S B 7 A A
B IM-H] W . 7 JRShARR IO, T, ASBFST Hxt T 55 R b I
AH (S mmol/L F R i /K %% W - Y 1) B 55 a1k i 3 AH
(0.02%Z/K-HE) T &AL GWmm, LK 5 FibayEs
TETE[M+Na] " I, I HL7E BR Mk 3 s AH T [M+Na] 80 iy 458
fo, A [MAH] T 06 LI R AR, 5 M M+ 068 9 o Aff 2
o AR, MIAEBE 25 AT, [M+Na] " W 1 B I 55
[M+H] " W FL ) 38 i, g 1oy 38 5, FT A5 280 B4 A1 [M+Na] ™ I
BT, PR E A ERYE . R, ARBFSE e ESTTUEFT
S, A 0.02% 2 K- FBEAE R i sh A, [ B X
ST UiAk, BECA S A L E R R Al T AR B, R4S
R B T RACE . 5 RS RS EE R Ak )E il 5
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2.2 EEURAFIMMK

Xof s P S o R AN AR SRR, P e
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A PR IR R A e RS, EHEE . S RUKIE
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B A Je i 7 5 FEE K T i K R, 4 K Y 4R BT
BIEIR Ry 80.2%, HIEE AR BT [ETR hy 87.7%, K-
H (IR AL 9:1) KoK - FH (IR A HE 1:9) B R B 34 [ i
RS HEEA Y, 450U 2, T SR BGR O 5 T
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JE BRI BUEIR, WA R, N 2R
fEFE ., P,
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120 « WAEE TR maREE AR - REE K
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Fig.2 Extraction efficiencies of different extraction reagents

2.4 FIEFN

2.4.1 KM EfEE R
4 10~200 ng/mL Frifi R 5 TAERAEABT ST 258 I
FE, LU S RISE IR R NI () AR, LA
Y BT B (X, ng/mL) AR AR bR, xfilbrdEdh gk, 2 ih
AV LR RIT, MILFRFE 0.9990~0.9993 JEFHIK, LA
3 EEMR LT REfY 5 R RS KRR R S AR N kA
B, 153 SR RS N 0.02 mg/kg, FAKERRE N
0.06 mg/kg, T2 SLRMEER, W 3.
242 HHBEFHEE

PRI 3 ALBE G AR, AL 6 1, AR A ARET
FV G, IRAEEE, HHRMES, KRG HEANR
BATRES AL B, EHLINE, SRR 4, 5 R RSE IR
R IR 78.2%~103.5%, RSDs H 3.1%~7.6%, 11l
WS R NG %35 1475 et S et DO 5K

R3 SHBERLSRNEMER. Ef%k. HXAY. RHREESR
Table 3 Linear range, standard curve, correlation coefficients, limits of detection and limits of quantitative of 5 kinds of
amanita peptide toxins

EY VT El/(ng/mL) bRl £y F R FREL K H B /(mg/kg) FE 1 R /(mg/kg)
BIEE BEIK 10~200 Y=23.2X-11.3382 0.9993 0.02 0.06
o- TG BEIK 10~200 Y=19.6758X+10.2218 0.9991 0.02 0.06
P-REE K 10~200 Y=37.3607X-29.9215 0.9990 0.02 0.06
BRI R BEFHIK 10~200 Y=44.6176X-89.2901 0.9991 0.02 0.06
TRBEREK 10~200 Y=229.636X-112.77 0.9992 0.02 0.06




22 1% A T R A AR
F 4 MRERERSESFRERE (%, N=6)
Table 4 Spiked recoveries and the relative standard deviations (%, n=6)
ey 0.1 mg/kg 0.5 mg/kg 2 mg/kg
" S R RSDs SRR RSDs S leR RSDs

BIGEEEIK 78.2 4.0 81.8 4.1 79.4 4.0

a- TG EENK 91.8 4.4 91.6 6.6 88.3 6.1

y- RSB EK 82.2 6.0 83.4 53 84.8 7.6

RETRRERAK 93.2 5.1 97.4 4.9 103.5 6.0

TRREEK 83.4 6.7 86.2 3.1 82.9 45

e MHX BRI 22 (relative standard deviation, RSD),
613-619.
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