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Abstract
ultra performance liquid chromatography-tandem mass spectrometry ( UPLC-MS/MS). [ Method ] The wild mushrooms samples collected in Si-
chuan were dried at low temperature, the amanitins and phallotoxins in samples were extracted with methanol by ultrasonic extraction, then

[ Objective ] To establish a method for rapid determination of 6 kinds of amanitins and phallotoxins in wild poisonous mushrooms by

40 °C rotary evaporation drying ,water redissolution, purified by HLB solid phase extraction column and separated on Waters HSS T3 column,
lastly detected by electrospray ( ESI+) in MRM mode. [ Result] The 6 kinds of amanitins and phallotoxins had good linear relationships in the
range of concentration 50—1000 wg/kg with the correlation coefficient value greater than 0. 99. The detection limits of 6 kinds of amanitins and
phallotoxins were 30 pg/kg. The average recovery rates of a-amanitin, B-amanitin, y-amanitin, phalloidin, phallacidin and phallisacin at 3
spiked levels were 93. 1%—117.5%. The coefficients of variation were 1.49%—=7.77%. [ Conclusion]The method can accurately and sensi-
tively determine 6 kinds of amanitins and phallotoxins in poisonous mushrooms, which is suitable for the detection of amanitins and phallotoxins

in wild mushrooms.
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HR BT I0 A ( 38 [ Waters 23 7)) 3 3SH20RT 2.0 1L ( H [k
P4) s AE240 L7 KF (i L AR ) 3 XW - 80A fig il iR & &%
(P [E HUXI) ; B8S10E - DTH 75 35 v vk i ( 5€ =l 0 BEAR )
Mili-Q Integral 3 #8 £l 7K /% ( 2& & Millipore 2\ &) ) ; ACQUITY
UPLC HSS T3 44 (2. 1 mmx100 mm, 1. 8 pm,3E[F Waters

2F)
L2 st WL 2N TR 2R S0, HPLC %, W

Fisher 2Nl o HRifE S : o~ R E 3 K ( c-amanitin, 2 3 =90% ,
Fiit Alex) ; B - #8 B 7 JIK ( B-amanitin, 45 & = 90%, Fi +
Alex) ;y—RS5 5 Ik (y-amaniyin, 41 £ = 90% , Fii 1 Alex) ; 1R
H =2 BT AK (phallisacin, 50 wg/mL, [ 2% 526 Rl 45
ARRAT) RAE " Y E 7 IK (phallacidin, 47 =95% , %y
+ Alex) ; — ¥ 9 25 22 ik ( phalloidin, Z5i 3 =90% , i+ Alex) ,
L3 KA E

L3.1 bR o

L3.1.1 o-RFFRK . B-RE RN v IEEFFHIK. R RE
BEIR R R LSBT PR A VR A TEC ) o 0 RS B PR
o~ TEH IR B-RGE RN - REB RN R R IK R
THRRES MARERI T 1 mg KEI R 02— W ERE
10 mL, ¥ 100 wg/mL, —20 CHEfE,
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HIERAMIR 1. 0 mL - KEEEEK - FE T B IR y—RE B FE K
TRBEFMARIE TR R BT 2. 0 mL Ik
=R RETIAMER T 10 mL 2550, 1T BEE 25 2 21
BE MR 10 mg/ L,

1.3.1.3 6 FhagikiRAHRMERSMECH] . 235 50,100,
200.,400.,600.1 000 wL, FHFIUA FESIAHE 725 2 10 mL, Bl il %
e 50,100,200 ,400,600 .1 000 g/ L B4R HE RS TAER
1.3.2 FESVETALEL,

L3.2.1 I K B A T A 1 Bt iR B /N T
50 °C) IHFTIHMAR KB FRICT B R 0.2 ¢, B T 50 mL 2§
DT IMAPEE 10 mL, #2378 5€ 1 min, #H5F2HC 10 min,
LA 10 000 v/min #.0> 10 min J5, B EHR T 5 — &0 8
o BRI 10 mL HEE R ETR A3 5, PR B
HX 10 min Ji5 24 10 000 r/min B.0, 537 FiEH . 40 Clieikag
AT, 0 2 mL K AR, BE 3 UK, A5 IBOR

1.3.2.2 ¥k 350 H 2 mL HHE BN 21K k38 75 46 Prime
Oasis HLB [&AHAHUH: (3 mL,60 mg) , FRAF LA E SRR AT,
JH 2 mL 55 5% WP K HOMTE 2 I, B 2 mL TR -2
IR GV (V:V=3:2) Ve, K UEMEAE 40 “CoKiB h AR
I 01 L G SN AR [R5 mmol/ L. Z R %R (0. 1% H1
1) = 90: 10 | 25 it 0. 2 wm JERRSS ¢ EALINAE o
1.3.3  5pbrtt.

1.3.3.1 @850k, %M HSS T3 (A 3% A (2. 1 mmx
100 mm, 1. 8 pm, Waters A ) ; Wi aht A 7 5 mmol/L 218
Bie—0. 1% W R KW, B g W B0 AT IR 40 °C 5 i A i
1.0 L BEMRFR P W3R 1,

®1 BERKRER

Table 1 Gradient elution procedure

e ik HishHl A il B
Time Flow rate Mobile phase Mobile phase
min ml/min A//% B//%
0.00 0. 300 90 10
0.20 0. 300 90 10
3.00 0. 300 40 60
3.50 0. 300 50 50
4.00 0. 300 50 50
5.00 0. 300 60 40
5.50 0. 300 90 10
7.00 0. 300 90 10

1.3.3.2  JEiEAM, HBE ESIIE S TR £ 50 0 i
(MRM) ; BFIRIRAE 150 °C ;B4 HLE 2. 83 kV Bl
JE 550 °C 5 By it 1 000 L/h HoAh Bk 240 L3k 2.

2 ERE54H

2.1 JRGEMHRRAL R R IRE XA K, B 1 IR
— RIS RE BB R AL, A S
TTHEES Tk, U R RIE B TR T o 203k
6 FEE IR o it A0 R A 500 ng/miLL, Jo 135S B 42 i
B 7€ ESLIE B MSIScan £ R, &I 6 Fh i kA A7 455
B M+1 B B, Rl Lk M+1 8L T, 78 Daughter
Scan BT, A HIFRBNFAP R 2 M ERAEFE 1. B0
AL L AR AR B0 7R A PO 7R LS 55 T 2
B B T OROR B R K, LR 6 R EE AR BE
BTRTETFILE2,
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Table 2 Mass spectrum condition parameters of 6 kinds of amanitins and phallotoxins

ERYY PR R[] BARE X HEFLHL R il {7 B f:
Target Retention time//min Target ion pair(m/z) DP//V CE//eV
o—HE TR a-amanitin 2.95 919.32/85.95* 66 80
919. 32/339. 08 56
B E ALK B-amanitin 2.92 920.50/85.95* 48 66
920. 50/259. 05 34
y-HEFFBEAK y-amanitin 3.21 903.52/85.95" 46 74
903. 52/243. 00 40
THHETRK Phalloidin 3.83 789.00/85. 95 * 32 683
789. 00/330. 00 52
JRIE " FE VL REAK Phallacidin 3.89 847.48/85. 88" 30 74
847.48/156.99 76
PRI =32 LA FEK Phallisacin 3.66 863.26/157.07" 54 78
863.26/173.96 80

Vs R TR

Note: * is quantitative ion pair
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HHEE;C 2H 0. 1% ok - H 5 D 2H 5 mmol/L R %2 (0. 1%
HR ) —H i) 43 B ORI 2R BT , T 20 B RCR L
U, HAS 5 mmol/ L Z W%k (0. 1% W R ) VK KA, B A%
Yr) B Ui FE A i VIR AT . 6 P RE KA AR TSR I S 1
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Fig.1 Standard extraction ion ( XIC) diagram of 6 kinds of toxic peptides

(LOD) ,6 FHRERAIKE R 30 pg/kg.
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Table 3 Linear equations, linear ranges, correlation coefficients and detection limits of 6 toxic peptides

Kt FR

Detection limits//jug/kg

H b et A HICRAL
Target Linear equations Linear ranges//pg/kg  Correlation coefficients
a— BTN a-amanitin y=58. 357 2x—894. 893 50~1 000 0.995 9
B-HEE /K B-amanitin y=T4. 442 6x-672. 377 50~1 000 0.996 7
y-HREEFEIK y-amanitin y=57.552 7x—1 379. 65 50~1 000 0.996 6

TR REEFEK Phalloidin y=44. 539 2x—1 410. 03 50~1 000 0.999 1

BRI TR A FEK Phallacidin y=147. 924x+453. 172 50~1 000 0.9953

RE =2 Y7 IK Phallisacin y=95. 147 7x+233. 785 50~1 000 0.999 5

30
30
30
30
30
30

2.5 FRENEMBZEE 1M, 5% 6 ikt
TS50 pg/kg) (200 pg/kg) (55 (600 we/ke) W BEMNFR I
55 R RBL(R 4) P RS 58 o~ TS EEEIK 99. 5% ~
117. 5% , B-HSFFEE K 93. 4% ~ 107. 0% , y— K5 F5 731k 94. 2% ~
110. 1% , 37 W% 5 Ik 108. 5% ~ 119. 8% , JR 3 — R WAL #
BK 93.5% ~ 109. 7% , ¥R 3 = ¥2 AR K 93. 1% ~ 106. 5% ;6
UOFATINE A8 57 REU(CV) 7E 1.49% ~ 1. T1%
2.6 EFFAEBMHREN 4 LR IERER 10 )i
HP A GRTRE A EA T T AL BRANASIN . 7F 4 5 R0 6 AR SR
T o REHEER BTG H R R TR 3 R R R,
HARZER LR 5, 3% 15 WL 2 FnEl 3,
3 &g

IZAFFST 3 T R RO A 0 3% - BRI B R (UPLC -
MS/MS) , K FH B B4 B, HLB [ AH A R ik, HSS T3 4
TEAE S, IS5 ESTIE 8 F AR £ &6 5 ( MRM) J7
AR ORNHEE RE R 1Y H A% &8 74T W, S e i, T

F4 FEHNOKENERRY

Table 4 Recoveries and variable coefficient of the method (n=6)

— i SEPNME meR s .
,El Zﬁ% Add scalar ~ Measured Recovery %%ﬁfﬁ(
’ we'keg  value/ug/kg %

o~ T EEAR 50 49.74 99.5 1.49
oc-amanitin 200 234.95 117.5

600 613.03 102.2
B-HEEFEK 50 52.13 104.3 1.85
B-amanitin 200 214.00 107.0

600 560. 43 93.4
R 50 55.03 110. 1 1.97
y-amanitin 200 215.77 107.9

600 565. 05 94.2
TRBETK 50 55.69 111.4 6.00
Phalloidin 200 239. 61 119.8

600 650. 83 108.5
BB R IR 50 54.29 108.0 7.77
Jik Phallacidin 200 187.98 93.5

600 658. 25 109.7
BE SRR 50 46. 54 93. 1 6.29
F K Phallisacin 200 213.07 106.5

600 559. 05 93.2
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Table 5 Detection results of 6 kinds of amanitins and phallotoxins in wild mushrooms mg/kg
N . ] . ; . ] . . BRI RIEL=FE
B o R BRIk RIS RS o b
Sample o-amanitin {-amanitin y-amanitin Phalloidin Phaila?; din P}L;alliicin
45 No. 4 181.99 128. 69 — — — —
6 5 No. 6 130. 48 44.29 — 49.42 — —
" FOR AR
Note: “—” means not detected
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Fig.2 Toxin peptide map of No. 4 poisonous mushroom
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Fig.3 Toxin peptide map of No. 6 poisonous mushroom
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