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Rapid Detection of Sterigmatocystin in Coix Seed Using Indirect Competitive Enzyme-Linked Immunosorbent Assay
HUANG Hui-giang""* , HUANG Yu-xin*"*, LIAO Meng-yao""* , LIN Yi*" WANG Shu-mei*"*, WANG Feng*“", ZHANG
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National Administration of Traditional Chinese Medicine, c. Guangdong Provincial Traditional Chinese Medicine Quality
Engineering and Technology Research Center, Guangdong Pharmaceutical University , Guangzhou 510006, China)
Abstract ; Sterigmatocystin (ST) ,a secondary metabolite primarily synthesized by Aspergillus versicolor and Aspergillus nidulans ,
sharing a structural resemblance with aflatoxin, is known for its potential carcinogenicity and toxic properties, and poses a
significant risk to human health and well-being.ST Contamination of certain traditional Chinese medicines has been reported, yet
the researches on rapid detection methods for ST in these medicines remain limited.This research introduces an efficient indirect
competitive enzyme-linked immunosorbent assay (ic-ELISA) for rapid screening of ST in Coix seeds,a commonly used Chinese
medicine. By meticulously optimizing sample preparation and critical detection parameters, the established ic-ELISA exhibited a
half-maximal inhibitory concentration (ICs,) of 0. 11 ng/mL,a linear range of 6.25~ 100 wg/kg,and spiked recoveries ranged
from 79. 27% to 99.95% with relative standardd deviation ( RSD) less than 12%. Notably, this method effectively eliminates
matrix interference and enables quantification just through a solvent standard curve.Ninety-six batches of Coix seeds samples were
detected by the established ic-ELISA, and the positive samples were confirmed by liquid chromatography-tandem mass
spectrometry (LC-MS/MS).The established ic-ELISA is rapid,accurate and cost-effective,, which can serve as a valuable tool for
the high-throughput screening of ST in Coix seeds, and offers insights for the rapid detection of ST in other traditional Chinese
medicines.
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Z% 6, th 25 B & ( Sterigmatocystin, ST) J& 2% {4,
It % ( Aspergillus versicolor ) FIF:) 5 M 85 ( Aspergillus
nidulans) SEFLE B, 2 &R R B, &
B RTAR AL & W, BA e i B0 1L 5 T E
P G Y R YRR 2 A
S F R W e v X RAR B TP i RS Y
MR 22— B EBREAE AT ST (TIARC) 811
2B REUEY,

BE M B YRR,
PET AR R ZR g >, ELAE WU ke R oA < A o fe
RZR”, U HA ML B R B RK
BT U EE AR YR EIER A
LYESEY T, AT AN A AR B R
SRR 1 BIF 5T  BL, AT 5 15 G 2 P L #E
R b ST g YR R ik 19% ~29.9% 1
AR H HAEE vE I AR T L E ROK R SRA
AR ST AR 50 ne/kg' ! HSE T ST
AR RE PR A A 48l ST AT R SR A PR )
PO TR b ST B S8 ), A Ay
TERAE 1) PR S JB [ s Ay IR DAl B R 2 s 94 1Y)
T TSEARE

FEIER SR 52 7 BT 2 L T 2 2% DR 2 i R
R 77,2020 A7 R (e R 2 ) T o e
G SRR Ay v 24 v B i R R A PR A
e, AT, BRI S0 20 M A ST AT 58 AH A 55
A HEA T EEE R E R R W AE
G RE ARSI R, AR SCRLER R ST
Xk 42, i ik 2 e 0 AR it Ak 3807 125 LR
PR AR AT A 5 Jo R G U ) 408, 8 v A i
B0 S B, 73 TR 0 ST AR i [
FE T A I S Tk

1 XWEH
1.1 FEER SR

Spark HUFGEAR AN (Hi L SRR HRA ) ;
WZ80-2 UL AR 1H 4% 3% 2% (BT AR TALES A
FRZNT]) s VORTEX-6 RUiE 5 1R & # (VL7506 1] H:
AU IRAS 2 58 A BR A 7] ) ; WP-UP-WF-10 AU
Al K AL VU IIR B R K AL BRI 5 A RS 7D ) 5
DHM-200 #! £ 45 14 i€ {X . BMBFree-17 #1 2§.00 HL
(HSERL A (TN AR H]) s ME104 AL 5
K- (Mg R - FE R 2 A8 (P ED A RA A
Agilent 1290-6470 HU i AH 0335 3 - 53 B BT 14X (%%

FERBHL (TP EH ARAFR) .

ST P sEREPTIAR R ST-BSA B (b B KAk
YIBEH A5 B 2 A ) 3 ST, Aflatoxin B, ( AFB, ) |
Aflatoxin B,( AFB,) ., Aflatoxin G,( AFG, ) | Aflatoxin
G, ( AFG, ) . Ochratoxin A ( OTA ) ., Zearalenone
(ZEN) X B S A8 (B3t Pribolab 23 7] ) 3,3,
5,5 - B I0C R i B f6 9 (TMB, Vg BT T A
PR IBA A BRA ) 5 4 3E H A H (BSA, T
FEFEAE YR PR W) 5 BRAR i 4 A W i s i
I2ET B P (1gG-HRP | 1 T Wi G W R A
FRASHED) s B (ra s # S AE M AR A BR A A 5 B
% (CH,0H) . /2 (CH,0,) . Z 4% ( C,H,NO,)
(Bsg, AL HF ILRHE A BRA R 5 oAt 5
Bk orHrat,

SEE R FHAY 50 mmol/L BRFRER 695 2% il
(pH 9.6) . I MW, W 2 $h 22 v WL ( PBS, pH
7.4) PRSI (PBST) .1 mol/L £ 11 (HCL) #13%
WRIR L Y AT I

96 LB HFE h BEMLIA K F b = 9 25 )5 5
BT, g5 S1-896, 28T R 2 Bl K2 rh 2 24 B
ZE MR 28 58 AR A BHE Y 2 ( Coix lacryma-
jobi L.var.ma-yuen ( Roman.) Stapf) A 1§ ¥ 22 Fh
{CCGEEA) . BB EHFE T -
20 CIKFETIRAE
1.2 SEEITE
1.2.1  FERIEW A H

FREL 1 g AR R, A 10 mL V(2

5) V(7K ) =80:20 IR GV, W E 10 min J5 T
10 000 r/min &[> 5 min, BUE & 3% ] PBS
FiBg 20 4%, T 10 000 t/min &0 5 min, B iF
WA

1.2.2  ic-ELISA Ko7

5N AR BE Y 100 pl/fL ST-BSA
PR RN A AR L, 4 Cd I E ., H
PBST %M 3 ¥, A 200 pL/FLEHIW, 37 °C I
B 2h, FPBST PR, SR 5 iMA 50 wL ST Xf
HE i O T R B S ALY 0. 1% WIS PBS $it ST
AT BRI B IA M, MRS E 1 h, BEJEH
PBST PE#R 3 ¥, LA 0. 19% B JiE-PBS # B 1Y 100
pl/fL IgG-HRP &5 F 1 h, H PBST %%
WAL 4 W, FEANA 100 WL/ L 5 (7 kAT 2 60
A5 10 min J5 , BALIIA 50 pl &3 R E B
RN, T 450 nm AT AR B €5 7= 1 0 T G REAE
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FHMGI2 B/B, (ST W R 0 /9 OD 4 B, HAth R
W] ST ¥R BEH OD Sk B) 5 ST Xif HE i 73 W vk 3 1Y
XPES A 2 i h 2

1.2.3  LC-MS/MS il &1

IS CHR[ 9] T LC-MS/MS #6177 ¥
X RSP ST & B Ef T i 5
3% H: 4 Waters CORTECSTM UPLC C18( 100 mmx
2.10 mm, 1. 60 wm) ; Ji shAH: A A7 0 7KL 50 %1
0. 1% R 1 mmol/L L FREZ WKW, B HN
F s 456 B VR B (0 ~ 2 min, 10% B;2~3 min,20%
B;3~4 min,21% B;4~5 min,26% B;5~9 min,
27% B;9~9.5 min,50% B;9.5~12 min,65% B;
12~15 min,80% B;15~15. 1 min,95% B;15.1~
17.8 min, 95% B; 17.8 ~ 18 min, 10% B; 18 ~
21 min, 10% B) ; #EAE R 2 pl; #E IR 40 C ; ik
0.3 mL/min,

JRTE S5 A >R FH HL I 25 8 7 IR ( Electrospray
Tonization , EST) ; F AR 20 R F 22 5 I iy W i A5 =
(Multiple Reaction Monitoring, MRM ) ; M 55 i, J&
3.0 kV(+),2.5 kV(-) ; 85T K 40 L/hr; B 1
Lo BN IRE 350 °C, HABFESHOILE 1,

®1 STHRIESHT

Tab.1 Mass spectrometry parameters of ST

B ESI BTt/ MR, AR R
#HR [ (m/z) eV min
- - 325.1—309. 9 35 14,38
325.1—280.9* 51 )

B s R TR

2 H#RE5iHe
2.1 il Bk E R

Sy i B e A I BB, B e R B
POXTHL R RN PT AR ve BE HEAT 3k, W1 AP ESE R
P, YA R EE N 0. 031 we/mL FiiRHk A
0.063 pg/mL FIEL LA JE 0. 063 wg/mL,
UMk B A 0. 031 we/mL I, LW B8 (E #55r T
1.0(FR2), KL, HXPIA T Bk B2
P 2R A A 2 — A X b 52 R T 3 s e AR
B B He B I 1 TS, AR A o vk
0.063 wg/mL PUIAHKSEE R 0. 031 pg/mL B, A5
RPER R, WL, 5L e %t E b ik
W AT,
2.2 BRI

ST & JH A B2 O 9 Ay P /K 10 i 2, s -

®2 BUBLEGR R AUR PR
Tab.2 Screening of optimal antigen and antibody

concentrations by the checkerboard method

Pl L/ PR/ (pg-mL™")

(ng'mL™)  0.250 0. 125 0. 063 0.031 0.016
0.250 2.85 2.38 2.290 2.080 1.240
0. 125 2.18 2.24 1.930 1. 550 0.799
0. 063 2.07 1.83 1. 380 0. 962 0. 607
0. 031 1.88 1.42 0. 985 0. 653 0. 425
0.016 1.55 1. 06 0. 689 0.453 0.281

= $5%0.063 pg/mL, HifK0.031 pg/mL, IC,; 0.12 ng/mL
1.0+ . © HiJR0.031 pg/mL, Hik0.063 pg/mL, IC,, 0.19 ng/mL
0.8}
o 0.6f
]
0.4r
0.2t

0.01 100

0.1 1 10
ST EE /(ng » mL)

B 1 TR AR FEE A0 A o 2
Fig.1 Solvent standard curves for different

antigen-antibody concentrations

IKIEE TS BRI T R, SN A
AT B P 7 T, 6 o B8 B0 P v Y B v [
A AR A A SR AL A RTIE 920 | I S S0 i ok
H V(ZIE) :V(IK) = 80:20 VE HIREUAH
2.3 FRERImILL

ABEFEE e XT L T 7K PBS | 10% W EE-7K Fil
10% HEE-PBS X 4 F F A6 B 15 500 9 RIOR
W LA Byy/ By BITERERE S 0 ng/mL ST Xt #R
SRR O BE A A UAEL ) A0 o/ T, ( BAPE AR iy
VRV ARTRD ST M BE 25 14T B X6 0 8 VP 000 161
R BB T 10 NI 545, ik
PATEAERRIE R, WK 2a Fis, R )n, &
B SO ARG DU A1 T 2R R S /N, HL 4 T R
VAR A A B30T, (HL 4 o T 70 35 T 1 it
TR it 58 [ X A 0 J e (% 00 o PR R, 28 A ] SC
R & B, — 5 T E A e 3R -20 T U 0 AR i 3 R R
o S L I 5% W, ] 0 T R T IR 45 A B A
] RN < 1= A NG =3 5w d B i = v 1 R
FIANA 0. 01% 3 -20 J5 #E47 X} e, & B A
-20 J5, T B 2 5 6 A 4 o 4R (L
2b) o JESE, HEHORI ] 2 R0 (5 5 A X R
/N 0. 01% 1t 3R-20 PBS VE A H BE R, X EE T
Ve FRAR A 1 2 RN 32 5 UG JE AR o il 2k 0 22 5 4
BRI AR A A (E 3) 0T
Bt — Ak
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mm B, /B,

0.0

X PBS  10%HE¥ 10%H BEPBS

AR B 3R (& i ¥R-20)
mm B_/B, I/I

X0 0 X0 "0

X PBS  10%HE¥ 10%H BEPBS
AR R B 5 (550.01% 1H: ¥ -20)

a RFEFGBAF Byy/B, 5 1o/1, B
b.0. 01% L ift-20 ANRIFE RN Byo/ By 5 Ixo/ 1y
B2 FRsma e
Fig.2 Optimization of dilution solvents

= PBS

001 01 1 10 100
STHIHEBE /(ng * mL)
B 3 5 RN o VG Je b o Hh 22

Fig.3 Solvent and matrix matching standard curve

2.4 REUER BRI S5

2.3 WY SEER 25 SR AT, LL 0. 019% ik i -20
PBS 1A BV 700 BsF, A i 25 SO X477 o 2 A i £
B THRARXT LU [R5 34 Ry 3 s sy, HLS i 7
FER R, PR I AS B9 400 3 R A A 2, 1F
— BRI T HL, W 4 B, 2R PR IO
Wi AR 20 15505, Byo/ B, 5 1/ 1, BB h 43R
T 1.0, B, A9k FH AR B 4 20 1R 304 T
Je S B S5

12l B, /B,

N

prT
B4 R

Fig.4 Optimization of dilution multiples

1.0}

2.5 RhE itk

SR FH B B G028 43 BT 7 s DR R I r 24 v LA
RRM, FERIEBCR AR LB RN 1:5
(g/mL) 0% SR, FEAR SE G & B, 4 4R
BORM& A 1:5 (g/mL) B, [FISCR Rk, 8t
PERHR LR 1:10(g/mL) . HE 5 A0, 24
BHREE R 1:10( g/mL) BF 4 AR Inkg K S 15 [9]
R 445 3 B s

120 .15

125 25 50 100
IMARHEEE / (ng ke ™)

B5 RRkmiiit

Fig.5 Optimization of material-liquid ratio

2.6 EEEA

2.6.1 M5

FHE LA K B P 3 DU (48 LC-MS/MS
IR ) B, 43 I BC AN R (0,0. 007 8.,0. 031
25.0.062 5.0.125.0.25.0.5.1.2.4.40 ng/mL)
F ST Xof R, AR 1. 2. 2 00 R EEE TR
DU, DA ST S Bt V3 Y P A X SR R Al s 41 11
R B/B, AR, BdliRH] OriginPro 2021 Hff:
HEFTALA, 22 VS 700 A 1 1 0 R 35 J DG e A7 o4 i
2. HHIEL 6 FIge 3 ], s R ith & Fn 2 UG fic
I 1Y 1C5, 23514 0. 11,0, 12 ng/mL, Kl 35

1.0 2 = PBS
0.9+ © %ﬁ{:
0.8
& 0.7t
= 0.6
0.5r
0.4f
0.3+ g o
0.2f

001 01 1 10 100
STHIHE /(ng * mL)

ool b - PBS

o WL
0.8}
0.7}

] L

L os
0.5
0.4}
03

0.1
ST BE / (ng * mL)

a A S SR AR AR L R s b Is 7l 5 SRR M I R
6 I 7R RI L [ DC C A o HA £

Fig.6 Solvent and matrix matching standard curves
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Tab.3 Standard curve parameters

REE 4m
. 1C5/ JL L/
GWEEIATE R oo B,
(ng* (pg-
mL™) kg™
BERARE y=-0.419 13
AR ) O 13% 0 906 0.1 6.25-100 0.976

ik 0.236 56

JEFTICHL y=-0.407 85x+
Bl £ 0.259 42
FEl#4°4 0. 031 25~0. 5 ng/mL(6.25~100 pg/kg) .
2.6.2  FEFHEM

FEGIZE AT it 5 JBT 2 5 5 i AR DU R
FHEEFTRHUN (ME ) R PEHr 56502000 hy 2 J5 DG g
Pl M Ze 4tk Oy Rl 5 i i it ith Ze iy Ze Pk
TRERRR AR & 4 2 ARG T 25 E R
Wy oM i o L S DR 2 ME 7E 85% ~
115% 36 FEl N EE, DUV AT DA A 2 o i i AN A 4k, (B
TR, 2 ME £55 2R, 057 G 58 T UL i
PRUEMZEn B, S FIAs ML B, P& 19 L
{8, 12 HCABE R 1, A0 o 0 b vy, AR
3 g R T, ME 8 97. 3%, 3 H Wi &85
HERMZR ) B, HUAE M 0. 984, 3 FHAEE i 1Y 35k 5
X2 SR T 200 S5 252 T B R Y R AR
HEM R4 T SEBRAE i 1 53T o
2.6.3 FEHbE

ARWFFE R ST 5 4 ek il % 7 % (AFB, |
AFB,  AFG, , AFG, ) F1 ¥ Fil HoAth 5 WL B B 5 &R
(ZEN ,OTA) 138 XL N 3SR Py FIT £ 57 11 -
ELISA B5ESFE, 28 U WA ST 1Y 1C,, 545
FHETRRER M 1C,, LLE R E 43, 453K, ST
54 P ih & 5 £ W8 X R NEY<0.1%, 5
ZEN F1 OTA JL-T-Jo38 SUR N , FBHASC T a8 57 1
ic-ELISA HA B & iR et
2.6.4  UEWRE SHEEE

FREL 1 g BIPERE B FE i, EATRRE 12 17,
rBILL 12,5 .25 .50 100 pe/kg 4 DI EHEAT
T BNSCRIRGS: , 58 5 A I ER B SR, 4
A bRk BE Ay S 3 oy, H FEBF 5T A5 2 19 fe
FEA T B AR HEAT AR il 2%, JF 4 I 1. 2. 2
P05, N 4wl 50, s BIBCRE N 79.27% ~
99.95% ,RSD<12%, JH 50 wg/kg HkR7K 1
BUCFERR S H A H (RS 2 8, PSP AT 45
6 ¥y, % 1 1. 2.2 7E[A]— RN F#EATR I3RS H N
R B B ROTA T 48 2 AMRES S AI S d 3k

0.997 0.12 6.25~100 0.961

5 HRIAEHEE , Z5553%0, H Py | B [EDRS 25 524551
1 5.89% . 6.64%, =% 2020 4 RR  HE 2
) T2 X IR A 3 3k RTCR AY E RE (60% ~
120% ) UL}z GB/T 33411—2016( JitFH 592 43 ik
£ Y ) i %t RSD A9 #I5E (RSD<20% ) , 7
I EEST 1Y ic-ELISA MERf 585 % B W 15 & K
MELR

Fza B INER RN AE SR B

Tab.4 Spiked recoveries and coefficients of

variation in coix seed (n=3)

ST JnbrsKF-/ e IE/ mE:v RSD/
(pg-ke™) (pg-ke™) % %

12.5 11.89 95. 14 11.3

25 19.82 79.27 6.7

50 49.98 99. 95 4.1

100 85.27 85.27 5.5

2.6.5 AR AN E R

FE ELISA 1127 2R 1090 I Xof 1o 1) e
SRR ( Limit Of Detection, LOD) ; #1 # 20%
s i o) I 1 ¥ B R £ B ( Limit Of Quantitation,
LOQ) . P, AT TR E S ST 1Y ic-
ELISA 6 B A E =EBR 43514 3. 26.6. 50 pe/ke.,
2.7 SERREE SR

KBS 19 ic-ELISA %} 96 138 Wi {4k i
HEATREIN , 2 B 5 41tk BRPERE i (ST & 2 K T4
I R DR DAy BEEAE ), Herh 3 HERE Y ST 5 &
>LOQ, FH LC-MS/MS X 5 41058 B0~ BH A & ik
T THRIE(FR 5) CRM ALK WL 7, 3 4t ST

6x104 k2 14.38

ST(325.1—280.9)
. Sx10° T

=N
< 4x10*F

= 3x10°f

El% 2x10*F
1x10%+
0 e

13 f4 15 1I6
LR B B 8] /min
1.6x10° b 14.38
1.4x10° |- s7(325.1-280.9)—__|
2 1.2x10°F
= 1.0x10°}
o 8.0x10°
M 6.0x10*
4.0x10*F
2.0x10*F

0'013

l.—— ST(325.1-309.9)

| ST(325.1309.9)

12 15
AR B 1 ] /min
a.ST XTI i b B i S94
B 7 HEEE LC-MS/MS i
Fig.7 LC-MS/MS spectrum of samples
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FS5OEU RS ST i
Tab.5 ST contamination levels in positive sample of

coix seeds

ST it/ (g kg™")

RS P
ic-ELISA LC-MS
S6 e <LOQ 2.78
S16 M <LOQ 1.28
S61 Lr 7.75 6.62
S85 S 15.16 17.98
$94 S 109. 58 110. 93

1 LOQ o R,
TR T LOQ 3 B AE Y ic-ELISA 5
LC-MS/MS f#z N E i 1L Person AHIC RHOHH
25509 0. 999 4, F W AW 5T # 7 1 ic-ELISA 1
e

3 it

A B B SR AR R, A
2 U 2R KA K WM, S s
YLy ST 2 P B RUM AL T MR, P, A %
BT fRE PR B AR T BON U Y ST
PRI WA o ASHIF S 115 B AR it i A 3
B, N T — P EHT AR, TR R AR I 2
RIVAT 78 51 ic-ELISA , J ik R 0 1 v 48, AT
TP ST 0y R 2, A B TR T
BT PR A 2 A B TR AR 98 ] oy Hofth 24
ST PRGN 7 ik T 4R IS %
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