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W E:. BBy 357 r8lE A H (dispersive solid-phase extraction, dSPE) AL P i FlHE B2 S0 AH {635 - R
JET 1% (ultra performance liquid chromatography-tandem mass spectrometry, UPLC-MS/MS )R 5 #F 2 B H 6
Ty 2 IR AR ZE R IR B R 1 A I Jr i 53k FRAR AR T8, IR IR Tty HY il 7 A, R
A1 24k 5% 2 (graphitized carbon black, GBC). C,g Ml N-N4:Z, —Jli(primary secondary amine, PSA)WZ 41k,
K UPLC-MS/MS A7 . 458R 6 FhagIRTEURIRE 20~1000 pg/kg SN HA RAFILIERR, MK
AR T 0998, Jrikk iRl 20 pg/kg, RN 50 pgkg. EMARAKFH 50, 250, 500 pg/kg i, Jriki
S IR A 78.9%~115.5%, X FREZE A 1.6%~6.8% (n=3). LEI A FPMER A4 . AIHRVEMESR, 36
TFEPA T 6 FhEeIRAYAI .
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Simultaneous determination of 6 kinds of amatoxins and phallotoxins in wild
mushrooms by dispersive solid-phase extraction-ultra performance liquid
chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a pretreatment method of dispersed solid-phase extraction (dSPE) and ultra
performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) for the rapid determination of
6 kinds of amatoxins and phallotoxins in wild mushrooms. Methods Samples were dried at low temperature,
extracted with methanol acidified with formic acid by ultrasonic extraction, purified by the mixture of graphitized
carbon black (GBC), Ci3 and primary secondary amine (PSA), and then determined by UPLC-MS/MS. Results

Good linearities of 6 kinds of toxic peptides were obtained at the concentration of 20-1000 pg/kg, with the correlative
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coefficients more than 0.998. The limits of detection were 20 ng/kg and the limits of quantitation were 50 pg/kg.

When the spiked concentrations were 50, 250, 500 pg/kg, the average recoveries were 78.9%-115.5%, and the relative

standard deviations were 1.6%-6.8% (n=3). Conclusion This method is accurate, reliable and operable, which is

suitable for the determination of 6 kinds of toxic peptides in wild mushrooms.

KEY WORDS: wild mushrooms; amatoxins; phallotoxins; dispersive solid-phase extraction; ultra performance

liquid chromatography-tandem mass spectrometry
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Fig.1 Toxin structural formulas
#*1 CHBESHKAR
Table 1 Known types of amanitas
BRI R, R, R; R, Rs 2= i is PRI A/ (mg/kg)
o-FEE /AR CH,OH OH NH, OH OH C30H34N 90148 918 0.3~0.6
SIGE R CH,OH OH OH OH OH C30Hs53NoO5S 919 0.5
y- R E K CH; OH NH, OH OH Ci0HssN 00138 902 0.2~0.5
e- R HFE K CH; OH OH OH OH C30H53NoO1,4S 903 0.3~0.6
=R E K CH,OH OH OH H OH C30H353NoO 1S 903 0.5
=R E BE IR I CH,OH OH NH, H OH C30Hs4N 40138 902 0.3
TR E R IR CH; H NH, OH OH C39Hs54N 40128 886 >20.0
ZRISEEMORMR CH; H OH OH OH C30Hs4NoO,S 887 >20.0
TR KR CH; H NH, OH H C30H54N,001;S 870 >20.0

i R1~R5ﬂ‘7 1 éﬁ Aiﬁﬁ‘ﬂ’ﬂgo
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Table 2 Known types of phallotoxins
R R, R, R; R, Rs R fb# K AFE PEHEUEE/(mg/ke)
— R RERIK CH; CH, OH OH CH; CH; C35H4sN5010S 772 1.5
TRREREK CH; CH, OH OH CH,OH CH; C35H4sN5010S 772 2.0
=RREHMK CH, CH, OH OH CH,OH CH,OH  C;sHyNgOp,S 804 25
— R REN
s CH; CH; OH H CH; CH; C35H4sN5OoS 756 >20.0
BRIL—HRE
= i CH(CH) CH, COOH OH CH, CH,  CyHiNyOpoS 815 15
BE
BRIk TR
- CH(CH;) OH COOH OH CH,OH CH; Cs7HsoNO 43S 846 1.5
B
FRIE =R
ik CH(CH;) OH  COOH OH CH,OH CH,OH  C3HsoNgO,S 862 45
BE

1 Ri~Re M 1 S50 R L ]

1 MR5RE

1.1 UE5RF

UPLC I-class-XEVOTQ-XS #8520 i HH {03/ 53 B¢ 5t
FEBE L . ACQUITY UPLC HSS T3 C5 4341 (100 mmx
2.1 mm, 1.8 um)(3 [E Waters 2\ )); 3H20RT 2.0 HLCH E ik
P2 w]); AE240 WL K1 (i LA 45 8- 48 4 2 24 |));
XW-80A i IRA #5(HF [E HUXI /A w]); B8S10E-DTH
BB GEE L EEE /A T]); Mili-Q Integral 3 B4k (36
[ Millipore 23 Al)

HEE. O HR . L% (%%, 92 Fisher A H));
Cis (10 g, 40~60 pm, #H = LIFEM AR AH), A1k
2B (graphitized carbon black, GBC)(50 g, 120~400 H). N-I§
FLZ % (primary secondary amine, PSA)( [ ¢ sL iRl
BAT A

RS o-REE B K (0-amanitin, 4EF =90%). p-RSE
7 K (B-amanitin, Z0iJE =90%). y-%%75 5 K (y-amaniyin, £
JE=90%) . It % REH K (phallacidin, 46% =95%).
TR R (phalloidin, 4R =90%)(Fi 1 Alex A H]); &
I =8 27 K (phallisacin, FiEWE 50 pg/mL, FiG%
TSI R A PR H)
1.2 ZWITE
12,1 #suara®

PRI BBt 0 AR B AR A LT (<50 °O)FFFT M R,
FEFRE TR 0.20 g BT 50 mL B.0EH, AT 1%
VR REBALEEE 10 mL, JRGIWIE 1 min, #@
10 min, X 10000 r/min &[> 5 min J5, B R T H—
B0, RS PRI 10 mL MRAL P, FA FRAD R,
EH B

Hefk: BU10 mL bR A 2254 25 mg GCB, 40 mg
Cis, 400 mg PSA ¥ 50 mL 2.0, #jiE 5 min, 2851

10000 r/min &.0> 5 min, HUS mL F{EIRAE 40 °CARWEHA
WIET . 1 mL WA SRR B2 2, o 0.22 pm AHLIE
JEE, ] AR DR
122 MBELEMH

% 444 HSS T3 Cyp (354 (100 mmx>2.1 mm, 1.8 pum,
F[E Waters A Fl); HishHH: A: 5 mmol/L ZBR#-0.1%H iR
KW, B: RERAW; Al 4 °C; JERERL: 1.0 uL; B
Fe il 3.

JRTE S E: LS55 H, B (electrospray ionization, ESI)IE
B, 2 50O Wil (multiple reaction monitoring, MRM);
BRI 150 °C; BAEHRIE 2.83 kv, JB AR B
550 °C; WISt 1000 L/h,

®3 BEXBRER

Table 3 Gradient elution procedures

Hsf 7] /min WH#/(mL/min)  JSIHH A/%  BIAE 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

2 HREHR

2.1 ARCIBEZREHAIMKL
2,11 RIHegik

HTRE AR R ERE AL G TR . B nikng
AR ESEE R, ARG AT 4ligK | 1% K . R
1% HH i H B R A SR USSR, o B DR IBGRI 43 AR I T A 2
B AL D (F o-RYE BERRRN B-RG BERR)FO AR IFIRDINAR (55 6 Fh



8698

B dn 4 R

o = 4 5512 4

BEIK)2 FPRE AL, AFRIEESLM 3 AT, AR IR
2l K A 7 B AR TR AR B IR A SR B R R 75%
80%; 1% M BR/K IR B ENSL A 72% . 82%; H Y42 i 1|
WA 93% ., 97%; 1% H ER- H s T B B RIS % 95%
96%, LEIFHT: FHEAT 1% iR B R RS BUSCRAchy, %
JEEI R L AR 1% R R A 2 BRSO A P A

TROAR IR B B A 1% FF 1R B0 R s Y1 R AR B
2.1.2 RM A ek E

PSA. Cs Fll GCB /243 HIL [ AH 2 AL AR /Y W B 57
TEBALIR B RE H, PSA AT LR BAHER A= i v (9 8 LR
PR AR ET YR, Crs EERBRIEN . FIEESS .,
W A4 A R LAY, GCB WIBEA S BRFE T i o
2R T,

AL RS, AT B R BREE S i 2 A
AT, ASWFRAI RS AS S B S vk, AR PSA
Cis il GCB fiefE:Ry &t . ARSEAE G Scmkl ™) 22430 30 mg
GCB #1500 mg PSA WIS, WIIARRIHER Cig (0, 10,
20, 40, 80, 100 mg), Z55anE 2A. MFFEERFER, X Cyg

F Cog LN 40 mg, [FI3E, WFoEt—2ibit GCB F
PSA ML &K 25 F1 400 mg, BFFESE BuE 2B, C,

2.2 [REFAIEEEMHL

SRR AR 9 0.2 mg/L B 6 FhERIRFRUEA T,
PUHEE+S mmol/L ZR4%-0.1%H R (50:50, V2V N sht,
KA OEST IE B P, X 4% Al IR AT — 23 4,
WiE S HRREE T, REWS RS T =R
i, W AR TR BURAS AR TUINAR IR B
P, SIS FEES L, TiE 6 Fie ik MRM
BN RS 25 1 S8, AR 25 R L& 4.
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1.8 um), MEREHRE S 100%KAHMIMERR C g kE, JHEHR

o B PEAHLZ IR F HA B AR RCR . ASLg
KT 4 ARSI A B BUR, A 4H: 5 mmol/L ZFR%£(0.1%
FHR)-H % B 2H: 5 mmol/L ZFRE#(0.1%H iR)-Z)IE; C 4H.:
0.1%H BR7K-H i, D 4H: 0.1% I BR/K-2 )6 . Sesbah R0,
PEFE A 41 5 mmol/L ZREZ(0.1% H R)-H B IR shAH IS, 6

FAER 40 mg B, 6 PRS2 AN TR 28 B AR A Il 32 145 e, Al aE IR EE 2 4 B AR B0y HL 2 00 B I N 55 v, TR
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Fig.2 Dosage optimization charts of C;5 (A), GCB (B) and PSA (C)
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Table 4 Mass spectrum condition parameters of 6 kinds of toxic peptides

HArsr#r {4 B Bt [A]/min HbRETXf HefLHE/V filf 1 G /e V
s s 66 B
s pssss : gz
e o 13
S o » o
s s 0 z;*
HE = A 470 863.26/157.07" s 8
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Fig.3 Chromatograms of 6 kinds of toxic peptides
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2.3 ERYMNHAR

FEFF RN (matrix effect, ME)J&:38 WAL S A 5 HARY)

[Fi] BN B M R 14 0 o 5 2 1) B 0 0 BT 4 5 400 1 S50

MG, SRR 2R, 5% UPLC-MS/MS &

AT AT . A5 (0 R 5T DS 1 A o4 ) ok

AMEIL T W P HERY 09 ME. ME {8 o] #2820 (D) 7 i
FEPEAHTL,

Mg = PR E R

2l s i E bR e T AR

ME Sy (B, JE RN e BA SR AL, 2 I

24 ME {EE T 20%0F, TUIIA S J5 s %o A LA i

ERW, A2, R 6 PR (o-REF AR . p-R

BRI =R EFM) M ME 545 H-27.6%. —32.3%.

~1)x100% 1)

—29.5%. —33.8%. —37.2%. —22.1%, $MHIRN LI .
SRS S MER I, A5 R AR I R L S b o AR
LRI TALIE
24 FHAEFWIE
241 AMXZHHER. LEHR

PSRRI AR, X 6 F B AREE IR ITR A AR R I T
PEATINE o LAASBE IR 0T 2 R B (ng/kg) AR AR BR (), %)
(U T B AARAR(Y), 2 HIbRE TAEMZR, A58
Rl ety BERTAH 26 R 880, 6 R Ik H AR 7E 20~1000 pg/kg
LA RIFZIMESR R, HXREEIKT 0,998, 2510
2% 5.4 3 f5{E M Lo A S A H FR (limits of detection, LODs), 6
FREE AR Ry 20 pg/kg; Lh 10 A0 oA 4 i BR
(limits of quantitation, LOQ), 6 # & ki & & FR M 50 pg/kg,
T5 ik R R

®S5 6MBREMAE. KMERE. BXAYK. RHURMERR
Table 5 Linear equations, correlation coefficients, LODs and LOQs of 6 types of toxic peptides

VA 2k LT/ (ng/kg) A R G R /(ng/kg)  E R FR/(ng/kg)
o-FEE REAK Y=84.9303X-5.96184 20~1000 0.9994 20 50
B-REE B R ¥=95.7568X-90.8386 20~1000 0.9997 20 50
y- 388 BRI Y=128.128X+23.2262 20~1000 0.9999 20 50

TR BEFK ¥=8.93254X-4.11611 20~1000 0.9986 20 50
BRI TR BB ¥=33.893X-3.34399 20~1000 0.9998 20 50
BRI = R RAEFEK Y=17.5689.X+51.5908 20~1000 0.9990 20 50

242 WKEEHER

A3 AR 2 AR IR AR S P (50 pg/kg) .
(250 pg/kg). (500 pg/kg) e B MRS . SF-H IR Sy
R o- RSB BEIK: 82.0%~97.1%; B-REE EERK: 83.4%~109.9%;
P-ROTFEEIR: 80.4%~111.1%; — ¥R WAETEK: 80.4%~88.6%;
BRIETRRETGI: 78.9%~104.4%; KRIE — % B E R
82.5%~115.5% BRI L5350 6 YOPATINE, AHXT AR
i (relative standard deviations, RSDs)7E 1.6%~6.8%=|f],
TR, S5 6.
2.5 SEPREEmASI

FEAIFFE LA T 6 U )1 CER e L, R LR
SEF 10 NEFE RS PEA TRTAL AR . 78 4 SF 6
SHEMPR T a-RGTEIK . pREH RERRRIE R
FEAK 3 FhEEAR, RARGEIRILEE 7.

3 &

A SR FICAL B84 73 1 AR 26 SO Wk, 456
BRI HOR, SRk, s THHER 6 FhE
TR RSB TR IR TR R RN vk o AT IR IR B 23 B
A BB A R AR R - YA BTV [ A A B 2
HALE, SR R, BAS SR FLIH B T I RICR Bk, vy
JE . ORG RE A RABRE ST A A SR, T R 4 1 B A

R T3 B DL 5 A B o 2 2 3 R IE AT

* 6 FARKTEHE R BN IRERZE(n=6)
Table 6 Average recoveries and RSDs of the method (n=6)

A3 JpRAKFA(uglkg)  ~FEIBIE/%  RSDs/%
50 82.0 2.4
o-FGE BRI 250 85.2 49
500 97.1 5.1
50 85.8 5.3
BIGE IR 250 83.4 2.5
500 109.9 1.6
50 80.4 4.4
y- 388 BRI 250 100.9 2.7
500 111.1 3.1
50 80.4 22

“RBER

Ik 250 88.6 2.5
500 85.3 3.6
BETHRR 50 78.9 6.8
£ 3N 250 90.9 6.7
500 104.4 3.8
RIL =R 50 82.5 4.7
EREK 250 88.5 6.1
500 115.5 3.5
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®7 ERFEET 6 BRI R (mg/ke)

Table 7 Detection results of 6 kinds of toxic peptides in actual

wild mushrooms (mg/kg)

AR 4 S, 6 S
a-FEFEFIK 552.0 ER O]
S-REEHE R 388.9 ARAG
P A= RN FAr FAr
TRIREFRIK A FAth
REZRRER FAth 308.0
RIL =R Az PR ioda
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