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Determination of 6 kinds of amatoxins and phallotoxins in wild mushrooms
by ultra performance liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of 6 kinds of amatoxins and phallotoxins in wild
mushrooms by ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods  After
water extraction, the samples were separated with a ACQUITY UPLC BEH C g colum at the flow rate of 0.3 mL/min
by gradient elution using 5 mmol/L ammonium formate aqueous solution and methanol as mobile phases, the
temperature of the colum was maintained at 40 °C, and multiple reaction monitoring mode was adopted for detection.
Results The analytes could be separated with a baseline resolution and showed a good linearity in the range of
20-1000 pg/kg. The limits of detection of 6 kinds of amanitins and phallotoxins were 20 pg/kg. The recoveries of
analytes in different levels were 78.2%-95.7%, and the relative standard deviations were 1.2%-5.2%. Conclusion
This method is simple, sensitive and reproducible, and it is suitable for the determination of peptidotoxin in wild
mushroom.
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Waters Xevo TQ-S i A €& 1% - 1% X (35 & Waters A
F]); Allegra 64R = V& I 5 L HL(3E E Beckman A #));
KQ-300VDE i 7 ii iif e AL (B L iy 75 A & A5 BRA 7))
GENIUS 3 {®iEIRA %% (F2[E IKA /A #]); N-EVAP 112 &
WRAY (3£ [E Organomation 23 7)),

o-FETREIR . p-ROT AN, - REFREIR . RAERE
BEAL . BRI TR R BRI R I =R R A R AR R
ERVETR (50 pg/mL, fEINENMSAE MBI IR AR, ONE. B
(g 4l, 25 TEDIA AvH]); M. 2K, HIRGHT
ali, E2GERIAFIABRA ), Oasis HLB [FAH A BUNME3
cc/60 mg, 3£ [E Waters 22 Fl); 0.22 um 7K R8RS
) S E K R Milli-Q # 4K .

TG AR5 RIR A AR v A B C - 40 1) o A o
BB FRE R 1 mL 2 50 mL 28R, FH R E 25 2 4
BE, WO R BE Y 1 pg/mL B9 SARMERE W, —20 °C
TAf o

OB MR B R A AR TR M EL ] KK EL 100
pL. 200 pL. 500 pL. 1 mL. 2 mLIBSFREMESRE 5
A~ 10 mL RN, AV EAEES, Bk o
125 10, 20, 50, 100, 200 ng/mL HIIREFRME TAER .
222 Henara e

(iRl £

il BE AR A 2R T, BURATF 100 g THEMIT
A, IREYISIRH .

(2)FEM

REL 0.4 g MiARFENT 50 mL BRE.OE S, A
20 mL 7K, TRHERA S LIRS 1 min, B HEE 20 min,
10000 r/min %> 5 min, B W 10 mL £5404k .

(3)4tik

Oasis HLB FEIAHZ AR IK 4 2 mL B, 2 mL 1%
KRG, LRSI EAE, #6073 7E 1~2 drop/s
RELE S A 3 mL 10% F FOKIE RO, TR 2 mL
FEER G, YRR T 40 °C/KIF FAMZET, A 1 mL H
- KRB HE(15:85, V-V, WIERA 1 min, i
0.22 pm AIERE, WCEEIEWR, TF EALAHT .
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(1) WAH S

ACQUITY UPLC BEH Cjg ai4:(100 mmx2.1 mm,
1.7 um), FishAH A: 5 mmol/L FREKIEW, FizhtH B: H
figt, Wii: 0.3 mL/min, #EFEIARR: 5 uL, AR 40 °C, #HE
VEBERET W3R 1.

®1 BERBRERF

Table1 Gradient elution procedure

B} [] /min WiH/(mL/min)  Wsh# A/%  FhA B/%
0 0.3 85 15
1.5 0.3 85 15
8.0 0.3 55 45
8.1 0.3 5 95
9.0 0.3 5 95
9.1 0.3 85 15

(2) Bt
BT ML SE L A B TRESC(EST), 22 RO
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(multi-reaction monitoring, MRM)#z(, E4HEHLE N 3.3 kV,
HEFLE R 10 V, BFIREEN 150 °C, BiE A mE N
380 °C, PRIEFISHE S 600 L/h, HEFLS A 150 Lih,

3 HER5SH

3.1 BUuEFHmMu

B 6 FhREE RS 1 TR-B b v V00 PP 1 R ik 2
N1 mg/L B TARW, 2 B i e S AR S A, I i i
TARESER IntelliStart THAE I SHULALBTIE 26 1F, (EIERS T
AT, EHCEREESR . THIE/NG 2 DT E TR E
P RGERE T, 6 FRSH ISR R 1 FOE S R (R e R 0
2,

#z2 MRMERT 6 HHERESZNRIESH
Table 2 Mass spectrum parameters of 6 kinds of amatoxins and
phallotoxins in MRM mode

oy REMI UM T REERER AL

/min (m/z) /eV NV
920.5/259.1* 40

B-AMA 3.33 4
920.5/85.8 72
919.5/259.1* 40

a-AMA 3.88 10
919.5/85.8 75
903.5/243.0* 40

7-AMA 4.97 10
903.5/323.0 46
863.5/173.8* 66

PSC 5.93 10
863.5/157.0 60
847.5/173.8* 75

PCD 6.75 10
847.5/157.0 65
789.5/173.8* 75

POD 7.66 10
789.5/157.0 60

T NERE T
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T UPLC-MS/MS JrikHIE & FHi T sk &R,
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B FERIETY, B Wi T 5 mmol/L F R B K IR R KA,
H R A ML A TR Sh A 4 i o IR, sl T Semik Pt
(1 B KK I R R KA 50 8 2 F, 45 R oK, IR R
T G TR o R0 I O (B R K AR R,
JEFESEBRARFE S 5 22 8T, W REK IR = i
H by B B R A S e, SRR (4 H AR A
T

Z AL G Wl B AR s 8 T 45 o B 2 A
AR S P I R 0 A8, 52 3 P A A R R Bl A 25T 433
T 3R B AR, 45)E ACQUITY UPLC BEH
Cis 3EFE(100 mmx2.1 mm, 1.7 pm), ACQUITY UPLC
HSS T3 {44+ (100 mmx2.1 mm, 1.8 um)FI CORTECS Cig
3% 45 (100 mmx2.1 mm, 2.7 pm), i3 b R L0 E
ACQUITY UPLC BEH C,g (i H M ARSER 2544 T BBl
R, SRR R B 55, 153 6 BRI
BT uE, W 1.

100

% y 2

-

200 300 400 500 600 7.00 8.00
{3 B ] [ /min

¥ 1. B-AMA; 2. a-AMA; 3. y-AMA; 4. PSC; 5. PCD; 6. POD,
B 1 6 FGE RSB A BB T (10 ng/mL)
Fig.l1 Total ion current chromatogram of amatoxins and
phallotoxins (10 ng/mL)
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6 FhISHE KRB R L E R . et R Z M A oG
FEOLFE 3. RISFHER T EOIEEN SN=3 & TRk
HBR(limit of detection, LOD), 5K, 6 FEEIRFER
TE 20~1000 pg/kg (AT FEINEBRIFILE LR, LrEHE
FBIIRT 0.997, ULBIA T HLIE FF HARY M E Al

R3 cMBMBRASENEMSE. EXRBRELIR
Table 3 Linear equations, correlation coefficients and LODs of
6 kinds of amatoxins and phallotoxins

am  angm  CHEEE AR R

/(ng/kg) A Nng/ke)
a-AMA  Y=72.4X+347  20~1000  0.9995 20
S-AMA  Y=52.6X+83  20~1000  0.9999 20
J-AMA  Y=58.4X+63.0  20~1000  0.9972 20
PSC  Y=35.3X+442  20~1000  0.9977 20
PCD  Y=52.1X+46.6  20~1000  0.9989 20
POD  Y=127.1X+66.2  20~1000  0.9996 20

3.5 [EWRERRIEHER

PLZS FIBE G TR RS, 7E 200 50 1 200 pe/kg 3 4>
AR SEAT IR IS, REARE S EATIE 6 IF T
AN h5 U 22 (relative standard deviation, RSD), 2554113
4 Fron, A KSET & R S 2 el
78.2%~95.7%, FXFRAEM 25 1.2%~5.2%, U4 J5 ik
HREVEAT, WS, ARG RIER .

4 EEERFEEERNLER(n=6)

Table 4 Results of precision and recovery tests (N=6)

20 pg/kg 50 ng/kg 200 pg/kg
I\
BT s Rsp/ EllgH/ RSD/ FHCE/ RSD)
% % % % % %

a-AMA 78.2 4.5 84.7 3.8 89.2 2.3
S-AMA 81.4 3.6 89.4 52 94.1 1.2
y-AMA 85.6 3.0 82.4 2.5 90.6 1.6
PSC 84.9 4.1 92.0 2.8 92.6 3.1
PCD 79.0 2.8 95.6 3.6 90.9 2.8

POD 89.6 1.7 88.5 4.4 95.7 1.9

3.6 SEFRFFERINE

A SCATEE ST AT R, STRAERIA 4 NP RSB
JREEGERE S HEA TR, o 2 MEARKIH TR E SR
REIKEHE R, SEKCOE S SCEEHEEEEY, B 2
MHEARRKI TR, K RFELE S,

4 & 1

ARSCHENT. T e O (3 - 3 RSB 22 S M DA A
T R HF AR B 2 P ) 6 AR IR S 28 HEA 7 0 PR A E
Mret R J5 3k o TR RERE DR | VAT 3t X6 T 20l A i+ 11
ROB IR T AT EIE, W] T4 5 A P 1 T A
BE, ATl o R R A R A

x5 IRHEBHHREVLERme/ke TE)

Table 5 Detection results of actual wild mushrooms

(mg/kg dry wt.)
5 B a-AMA A-AMA y-AMA PSC PCD POD
I A4 L o 28
1 mﬁéﬁgé 7103.3 1146.0 N.D.* 122.4 694.5 1332.7
Amanita fuliginea Hongo
2 HAaRSE Amanita exitialis 3556.2 1486.3 N.D. 791.9 854.8 N.D.
3 21 8T Amanita hemibapha N.D. N.D. N.D. N.D. N.D. N.D.
AR T3
4 LR N.D. N.D. N.D. N.D. N.D. N.D.

Amanita. rufoferruginea Hongo

T * R ARA B AR T4 R
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