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Preparation of Patulin Monoclonal Antibodies Based on Rapid De-
rivatization and Application of Immunochromatographic Detection
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Abstract: This study designed and synthesized a novel patulin derivative hapten based on rapid de-
rivatization reactions, synthesized an artificial antigen using the active ester method, and obtained
high—sensitivity, high—specificity monoclonal antibodies through animal immunization and hybrid-
oma technology. The IC,, value of this antibody was 0. 383 ng/ml., showing no cross—reactivity with
patulin structural analogs or common fungal toxins. A colloidal gold immunochromatographic test
strip was developed based on this antibody, establishing a rapid detection method for patulin in fruit
and vegetable juices. The detection limit of this method was 50 pg/kg. At this spiked level, the pos-
itive detection rates for apple juice and fruit wine were 96% and 98%, respectively, with specific
recognition of patulin. Twenty commercially available fruit and vegetable juice beverages were simul-
taneously detected using this method and LC-MS/MS, with identical results from both methods. The
test strip features simple operation, high sensitivity, and strong specificity, making it suitable for
on—site rapid screening of patulin in fruit and vegetable juices.
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E .. M. EREZREEED Y, RS TIRERN Y, 5L RIEERL " . ETPATHE
S, FEGB2761-2017 (B L 2EZbrE Bimh H SRR E) Wile, DSERSILRE YR
HAG A SR B SRR R PAT AYPR BB A 50 pe/ke o

PAT ()55 FHRGIN 77 2 32 A6 OB £6 % 7 (HPLC) " FNRAR (A - B i (LC-MS) "o
XA T VR BAE R O e VE RIS =, (HHEEREEEI . FEHK B R, MELUE RSBt
AT . ARG P IR TIRAE R RIS AS DU T3ak i) 8 AR, FEf i . Rk, milE . tsES
P WE S PAT UG PO G2

FPEIATIE N PERE B BT, PR B R B S PR S . FH AR P R B
TR -TEVR AR A I PAT SE2PUR, [URBIR 2 wlEhifl; k% ™ DT ZREFIUR PAT L35
NIEVERRIE , H8EP iR a4 1 A valebill, HI1C, 429, 69 ng/mL, AT R bk fiT A= Ak SR mss
JENS PATSAb A5 R AT AE Y, DA Ui 28 N ThUR, #Emiliik b s g m ) s i bk
(IC4, >4 0.383 ng/mL) . MR EPRICIZDURIG, WWHEIIRS RIZZITIRANS, SCBL T4 PAT 1y B) 45 5
FARGI o ZF TR R BT OR  PAT BB D T 2 P (0 7 ol SE B, R ORRE & dih e R E Tl
KA L.

1 SCIGERSY

1.1 #MESiKF

FAMR (HAuCl) WF i Sigma Aldrich HHRA ) ; FERR =4 (Na,C,H,0, 2H,0)., R
20000 (Polyethylene glycol, PEG20000) WjF bifgE BB 2GAR AR HIMiE R EE (BSA) .
ARZRER (BLF) . bR GE2 54 2ERE T £ Sigma AW 5 4-fHIEIRIE TN (PNPB) . N,
N-_HEHBEE (DMF), IR I (DCC) ., N-FEEIEHBETE (NHS) . Jo/KIER 2480 .
BERE AT KA. 1, 2-R R BUTEEAN . JoKDIEmens . JToKeimee:. Wik, HiE. &
fit . LTR BT L ighrh TAAEHE I AR 2 7] 5 BALB/c /INRIW T AR LB sy bty

S-FRESLHRRE (5-HMF) ., Wi H £ B, (AFB) . PAT., F RFREME (ZEN) ., T-28 % (T-2)
PR ST o 2R TR SRR A (0TA) . PLATEHIIEERE (DON) | (R &HEB,
(FB,) bruESHIET EilgnifolBlaEpe; HE]R (PCN) FRESIE TAb 5 5 BESE R A R A 7.

Py A PRS2 £ o S K A Milli-Q AR 4K .
1.2 EH5EE

Multiskan FCRIEEFRL (FEER R /RIES AR A W]), PW-960Plus YEARAL (RINITTICAAEHE & A
FRSHE]), e hididees (b3 SrHBHTA R A E), &0l (EE Thermo Scientific 23 7)), RV3JiE
eAERANL (TER IKA A A]), fEIRSNFEFE (L nRiEca R A ), BB (i ER
SOIABRA ), 1290-6475A 88 i R (005 - = B DUARAFT H BB A (S5 Agilent 24 H]), ZQ 4000
s oIl . HM 3260 XYZ =4E KF- GBI R (EigeinEmRHEAIR 2], ik
AL RN Sy EeE BRI AR A H]) .
1.3 PATITEYMFMEMEREETE

HEFIFREL 200 mg 1, 2-E T ilEE, T 1.5 mL3. 37 mmol ST EEANATHIEEH, 50 ‘CTFHidERM 1 he
RMEER G, BERER, BT 5% R IEK DY SR Sk & BRI R, H2S Fhiud
®, 1851, 2-2E 6EE Ntk . METRFRECPAT 10 mg, JIA 5 mL 0. 1 mol/L ¥ PBZEhi (pH 7.4),
FifRie . 22120, 0714 mmol 1, 2-ZK HRBFE BRI, ARSEWFE, V.20 min 5, TKIEHIRH,
HTRYHE pH 3. 0~4. 0, 2R)5 H 60 mL ZMR LRy 3IRAL, A IFAMUAHE, B 15 mLE/KEER, JoKe
MREET M, WSS, MREIPATHTAEYEDUR . &850 PAT Ty BhU R R A @ik - o (Ge-
MS/MS) HATHEE . B ML ILE 1.
1.4 PATHTEYRERANEREHARENE K

HEFIARE PAT T A47 0. 01 mmol T2 mL DMF W, 5 I i$HE M, MK 0. 2 mmol DCC HI0. 15
mmol NHS, FFEEHIHE, 4 CRMV 12 ho SRIGHE4 “C. 10 000 r/min 5544 F &0 15 min, Y& LIS, 45
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FREDURER (AW . WEFIFRIUBSA 140 mg, T 10 mL 0. 1 mol/L PBSYEW (pH 8.0) ", #ESiiidt
fg, N1 mL DMF, $3E¥%), BREAEEABE (B BT, B ABZRKIHA BIK
W, 4 °CRM 12 he SRJGTE4 °C. 10 000 r/min 5544 F &0 15 min, W LS. % LIS 2 10 kDa
B TEENRY, £4 CHEM T AR KEN A, Fp2i3 d, WEES h Ik — K AEREK,
BTGNS N, 153 PAT T -BSA Y, RIPATHTAEY REHPUR. 35, -20C
TR . B BSA B4 BLF, H AWK L, 133] PATfiTAY- BLF Yy, BRI PAT 74 0LuE
FHPLIE

T Na$S 1:1 H,0-100 mmol/L PB q
[ : > HO
0 * ‘ .
N P NaS =mRN20 min S @

B 1 PATHTAEYREDURNG & Rk 26
Fig. 1  Synthesis route of PAT derivative hapten

1.5 PATHTEYBE=ERENG&
1.5.1 ZWRE  EH6~8 I {EMRBALB/c /MR 10 H, 4% “1.47 550 PAT T4 9-BSA {8k 5
IR 1 1 (RRREL) B3k, EReEnt, i e b RV ALPUE, K 2 A
7P, BUERIE R 200 pg/H o 4 J8 JG 5L SR — OISR e, A2 0h IRAERIFLEBUR, Bt
JE A 100 pe/ H o WG RERG 3 BT — R MIsR s . RhAET 3 d, A ARG 0 AR BRER K B TR s 1
B, PURERIERER S0 ng/ o B3 RGI, I B R RMARBUMEEAS, R 842 52 4RI G 5 i
BRI % (ic—ELISA) 2 BEATHUIMIE 04T, AU o B it 6, idk e a8 B 220 1) BALB/e ZNERM
EREE 2L U e
1.5.2 {RFARES SN B “1.5.17 G0k Y G 2 BALB/c /NER I R4 G 55 SP2/0 B 8887 2
M, ¥28: 1HEIRS, RBEEGHEARLIAMMpE S . M-S SN HAT EEEER 5 5, i
A BR AR BH P 24 A T A M A TR e PR AL e, e 2R AR AR E 4 I BT PAT B e FEHTIR 1) A% 38 8 4
kR, A< REANN F RTARE AR 1X10° Nml, 4338 E AR
1.5.3 BEEHFENHSSSEL REBALB/ /MR, B HBEETEST0. 5 mL K E# 4 WHh T a4,
7TdE, /NI RS IS SX10° A SRR S AIN . AT d, SREE/NRIEK. R SFIR -1
MREREALIE K, AP PATRTAEY A bEDUIE, —20 CIRAE,
1.6 PATREEEHENEERNT &
1.6.1 RESHNFHFEESRME HO. 01%F BRI 100 mL THEEMH, hiddidl, whis /G HE
N 1. 8 mL 1% FPER I = AN, AREEEFE 15 min BIFHRRERLAM, RHEZRE, NKEFER,
4 CLRAF. it IRRIRZE B0 S ST HUEE (TEM) RAEM RSk o
1.6.2 BEERCERERENHE 151 mLEAEESHER (pHS8.5) 510 png PAT HyiBEHiIRIRS,
FImEEEV 1 h, I 100 L 1% PEG 20000 KL 30 min, I 50 wL 10% BSA 2 1k )W, 451500 1/
min 0 5 min FEPLE, B 12 000 v/min #5030 min JCHEDTHE, H 100 mL PNPB R E L, £0.22 pmiE
WIS, 4 CROGIRTE.
1.6.3 WALIXFIMNFE HAETRPRIRESYIAREER, LL100 nLALMBIRF RS, B3R5,
4 CTEHIRIE.
1.6.4 PATREEMRAENHFZTEHE PATHREZHIIRASL R PVCEN . B 4558



4 SR AR (http://www.fxesxb.com) XX B

NC JE R WK )2 E 450 (DLE 2) o BRSSP IRUNT o 15 mm BEIGEF 4L SRS B R WL S
37 CHETF 2 h, 6 mmZHHPARSIR I EEDURE, F&MEMT . H B3 RIEEACE PAT fpkbt
JF 5 PR ZPLL 1. 0 pl/em BEES AIRIF NCEEA) TLR . CZR, 37 CRML 1 h, BB &AL FALE
T PVCIEMR, VIFI 4 mm SEIR405%, HREH R TEAE.

1.7 ﬁﬁﬁﬁfﬂ'ﬂﬁiﬂﬂ B ‘ 8  umaw  SERCH

1.7.1 H@BAAE RE (520.1) g fFIIKSRRE prm @ - —
i, JIN25 mLZERIK, HA2IHRMATHR G, B2 50

mL 08 F, 10 000 t/min 50 5 min, U1 mL I
HWT 15 mL &8, NS mL 0. 1 mol/L PBZZ

=L

W (pH 7.4) (FRRIRTFRESE A IS SR RGR AN FE  PVCIRk Wite (12%) NI RRREFARRMD)
s, S 1 mol/L NaOH ¥V VA & pH B 1, 4% B2 G TR AR A S s 2

R BN PBZEM ), 182). RIGHIIAN 10 pL 2 Fig.2 Schematic diagram of the stru?ture of immunochro-
mg/mL 1 1, 2-2E ZHRRE LKL R EIR poETapl test e
10s, ZIRFE 20 min, SEREATAEMR, 220,22 wm IEREIS R, 752100
1.7.2 ®WWSE  WIH200 WL FEIE R, Wi 10 s, ST —H RV 3 min, FEfS
W R B IR SR i R T B NG , VAR AT IR AR SR ) E 24T, EAT 5 0 O 3 min, B
ok, MG AUR R R Im 2 RIE, LRV T R
1.7.3 HERIFE 1.7.3.1 WAL TR UEL (CL) RGN, FPERIERRBGAG
SRR, WEERGIN s BHTESER: MEL (CZ) W, HEWL (TZ) BliEasFisd (CL) B
iy, R RESZNEERTREHM; BESR. YiEsk (CL) Ba, HENZL (TZ)
Bifn < Biissk (CZ) Bifa, sikellZe (TZR) ARy, kbR ESER, TRAEIEE—P
BIE . 4RI E R B WA 3,

1.7.3.2 BEAUSCA B . 2 BRI A i B 45 R4 T 2 2R 1) 33
FSARAE R 2 (TZ) HRFEL (C4) MEFHEMIE: R=

T/C. T —
BIPELESR: MR > 120, KUK (TH) f59% T Pk WimHaN .-
(C£), $RFEAS HARIAETRIMA SRS Mo, 8<Rel.2 " 1 L 1

BF, RURNZ (TZR) F5HIETREL (C4), @R NECRH sinBuEeBEln
B AR — S 0IE ;. FHPEZE . M4 R<0. 80, FKMZ (T4 ™F ~UU U LIL

e e b s s o e 2 s T e Ea WM BEE
B TRIEL (CL), FaHAT HRYKE @R, 7R HER A —

J7 R IRIE . Fig. 3 Schematic diagram of visual
2 2:5 % 5 .LTJ- .L/I:\' judgment results

2.1 PATHTEMFMERNRIEERE

PAT ) NBRIREEITESI RN 5 5 EHEAEY (SHEH IR ZAEFFIRRY, S Bhpe si kR
IS, B Zn AR PUARR EM S, AU 1, 2-2K ZHiEE AL AROBE S Oy B AR RE A 5
PAT LR, W — AN GBI A NDE S PAT 09 36 C-7 6%, BRI T4 FIN BB s R, R 20
min BV SR BN 40, 5028 7 95 SEERIES PAT 09 IR B AL AR, T T AR 8 2 PAT 71742
Y. SR GC-MS/MS S8 %A =1, FOSEmE 4R, 755 FEm/2295.3 [M-H] A
g, 5H 296 36 HHAF, RARMIh A T PATHTAEY TR
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2.2 PATHTAMMEMMNMRROHARE
B I I
SEER AT EL T AR PAT T AR TR (PAT- ¢
BLF-1fl PAT-BLF-2) HJ%PERHR. L1 pgmlfl £
WRRERRAL, SR T SR A S 2 G £ %
ELISA) JII5E 10 H BALB/e NS EAR [ S0 F i
WO, R145RER, AR .
G N, Ho /R 2 % PAT-BLF-1 1 PAT-BLF-2 Ll L e . . EE
%Tﬁﬂﬁ%ﬂ%%%ﬂ?’y% 38% 1 90. 70%., ﬁ/__]:\‘ﬂjgifr%j% 0 RN I O 30 30 W 3 3w
. /NEL 7 BRI PAT-BLF-1 0930 &35 94. 07%, 4 PATHTAEM A TE
(HFE FAE S0 R 1 000, H % PAT-BLF=2 [ 3 ) 2 Fig. 4 Scan mass spectrum of PAT derivative

HHEFEAR (81.82%) . ZEAELE:, /MR 2P e, Frmthon, Wk SEREITAES, JFiE
PAT-BLF-1 A0 ek T
21 PATHTAED) I TE iR

Table 1  Serum inhibition effects of PAT derivatives

PAT-BLF-1 PAT-BLF-2
Mouse se- Dilution ratio Absorbance val- Absorbance value  Inhibition  Dilution ratio Absorbance val- Absorbance value  Inhibition
o © :Z ) (1000 pg/l) rate/% - :;L) (1000 pg/L) rate /%
1 2 500 2.9071 0. 4479 84.59 800 2.5903 0. 3954 84.74
2 2 000 2.4336 0. 1855 92.38 1 000 2.3352 0.2171 90.70
3 2 000 2.4728 0.3910 84.19 1 000 2. 4830 0.2339 90. 58
4 2 000 2.2331 0.2145 90. 39 1500 0. 2296 0. 0601 73.82
5 400 2.0281 0. 6946 65.75 2 500 2. 1571 0. 6398 70. 34
6 1 000 2.7905 0.2012 92.79 800 2.4564 0.3534 85.61
7 1 000 2.3259 0. 1380 94. 07 2 000 2.0292 0. 3689 81.82
8 2 500 2.5739 0.2414 90. 62 800 2.0725 0. 1879 90.93
9 1500 2.4839 0. 5525 77.76 2 000 2.2114 0. 2589 88.29
10 1500 2.4121 0. 2396 90. 07 1500 0. 8899 0. 1450 83.71

2.3 HERERERSEITEN

K ic—ELISAJERT “1.57 PriReaY sa seFE DT AT R BRI . LU PAT 7 AE M vk BE R B A b
B/B, AALRR (B U PAT T A B R G BE (R, Boh2S VAW EAE) . R Origin 2021 143
PSR I E BRIk B (1C,) o [C JETEN TR ER i e ate b, (B
WHPTIR SPTIRSE A B 5 A b, A 2T . 4R E R, S WUSECT RS, AR IAN S
Rz - (F5), RIEHTRNMEERE () KT0.99, F£HHiZbrikh 2 EA R R e,
Y B/B, A 0. 5B, PATHTAEY N B EE 0. 383 ng/mL, BIIC,, ST oKERE = HRIEM 29. 69 ng/
mL, FEHHAR TR IR 00 S v R T HAT e i i SR BB, ] A JE S S B AR 5 K
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2.4 BmERESREEN

R E R AR v BED TR O S, R ic-ELISA %
W€ PAT, JEH R XLEWRMY (PCN) LLULH W&
FEA WY (5-HMF, AFB,, ZEN, T-2. OTA. DON, FB,)
B 1C,, FHITERXRMAE (CR). 5RME 2R, AT Zost
AR AR I B S FE SR XT PAT 1) CR B R 100%, X PCN
CRAEAL A 0. 16%, XF HoAt 7 Fh UWL2E Ly i) CRAE I T
0. 1%, IteAh, PATHYIC, 84 0. 383 ng/mL, fIKF PCN K H

LOF

s LB 3 22 00 1C, {1, WA T BT A7 00 3 v B e 0 B e T, 0
B O Yy =
AT E@%fr @}Rj‘ﬂj " 5 PATHTANIM ic—ELISA b2k
2.5 Hﬁ'ﬁkﬁ*ﬁ% E’\]%ﬁEgﬁ% Fig. 5 Standard curve of ic—ELISA for PAT deriva-
o B A A RO, BCOMI ST o, tives

BT, RS w k. B S BRI g
ik (Ko) Wor: GHIAKGRBREEA ZMERTE, EM itk R b, RS ™R, &
1M, WRDRARIFAE—E N 2, EE AT 15~50 nm B[, FEGELN SR #E— Pk, 8
TIURLER) 35—k

2 MGG WA S N A SRR

Table 2 The cross—reactivity of the monoclonal antibody with common cross—reactants

Drug IC,/ (ng-mL™") CR/%
PAT 0.383 100
PCN 239.09 0.16
OTA >1 000 <0.1
AFB1 >1 000 <0.1
DON >1 000 <0.1
ZEN >1 000 <0.1
FB1 >1 000 <0.1
T-2 >1 000 <0.1
5-HMF >1 000 <0.1

2.6 Mil7FERIE

2.6.1 KHRBBE [0 ZF0IE 7RI PAT P 2 1SR 5
o o AR D PAT Brifi i, DIBRKF4350) 41 25, 50, 100 pgrkg, #% “1.77
IHESATRI , SAFEAREEE 3K, SERER, MFRKFEHN 25 ngke
B, REIZE SRR  IFR/KSF 4150, 100 we/kg B, KNS, 53 A BHAE
BT, ARIFEAREER (LOD) 50 wgkg, 2. 6. 2 EFHMA:RFME B 1R
¥

8 FCSE SR R SR A R S AT IR E , S . 0.5 R :
LOD. 1fLOD, 2f5LOD 4 AMREEAKT AR AT ARl S0 pe s 10 BIRmmanLBer il
SR, RS S BP0, 1650 pekgIBAE |50 T et
T, SESRTFRISRIE A R PR R 5014 96% F198%, 1521 95% iy colloidal gold
LOD B {EhriE; 1£100 pe/kg MIFRACERE, K HZA 100%, FikzhRFE,

TZMEAR ARG J7 16 SE SR RSB H PAT ORI R BOE e . e ek, (RPHPE R MR AR, WA
R PRSI 25 SRR R 1

2.6.3 MR WIGIFZIRIESTT IR PAT BRS04, HEBRZS 2SN B HA L 35 2 10 T4,
WEH(PCN, 5-HMF. AFB,. ZEN. T-2. OTA. DON. FB{ERXHHRYIT, SEA7THE SERT ., FRELO 4y
SHEERTEES, oM PAT, PCN, OTA. AFB,, DON., ZEN. FB,, T-2. 5-HMF bRifEiA W ,
PAT B IARKF A 50 welke, HAREPIMBRAKTE RS 000 we/kg, $% “1.77 BERIITRN, AR
RN 3R, RS R THIE . RILGHRER: MURIMPAT RS, REANT0.83~0.84 2
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fB), AELE SR AEERHE, MEAMPCN, OTA, AFB,, DON, ZEN, FB,, T-2. 5-HMF AFESKE 2
RIE¥IRT 1.2, ¥ABIE, SR ETE R v B R AR I 4
#3 PRSI R

Table 3 Specificity evaluation results of the method

Matrix Drug Spiked/ (pg-kg™") R value Specificity evaluation
PAT 50 0.83, 0.84, 0.83 TSR
PCN 5000 1.54, 1.53, 1.53 T
OTA 5000 1.63, 1.64, 1.64 Tk
AFB, 5000 1.57, 1.56, 1.56 JTt
Apple juice DON 5000 1.68, 1.66, 1.68 TR
ZEN 5000 1.92, 1.94, 1.91 T
FB, 5000 1.83, 1.84, 1.82 Jotk
T-2 5000 1.77, 1.75, 1.75 T4k
5-HMF 5000 1.96, 1.98, 1.99 T

2.7 BRI

R F B 4 05 JE T 12 5 LC-MS/MS V56 BEAIL R A 20 43 SR BRI OB BEA T [P A, B s 45t e
JENTIRIERE S 18y BAYE (R>1.2), 14555FHME (R{EM0.85), 143BHYE (R{EH0.74), LC-MS/MSik
ot 55 BH P R BH PR St B RS 3 BE 45 41 52. 1. 59. 4 wetkeg, HAFEMBIARK . PIFI 7 k45 5 —
5, FUHIZIEIR A G AT IR T SO S B T PAT (9 8 M 2 e R, 5 B T AT R ] S5k
3 & it

AW EE TR ORI VT, A% TR S EZ EYUR, JRhhl& S RRE . Sk
SRR R TTRESLR, HB IR R (IC,,) k0. 383 ng/mL. F HIZPUIATF R0 B 1R 4 s IZHT IR AR 45
BN T ARER T PAT BB AN J7 1% o 1T IER R R 50 petkg, TERGIMPRIREET , XS AR
R R IR R 5 A 96% F198%, HAA R AF RTINS Stk o AR 7 keIl . S5 2R, &
TP G, W SGESTIE AL S, ARG R e WE RSN EAR R, AR W
1) N H HiT 3

SE k.
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