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B8RP LMG B 5 FENiE {7 & ELISA # Ml 77 7%

B, TR, RFRE, Kt &
(BEA¥ERSEM TSR, B2 AT 361021)

[HBE] &XKrF=M PRI fL4E A48 (leuco malachite green, LMG) 4% B3 fif ] 1 AL T AT LMG
B0 F BRI A5 A B S B % (enzyme linked immunosorbent assay, ELISA) #:lJ5, DL LMG MR 7
F, 7 pH =8.5 1Y Tris-HCl /- JiiP, ZERE (dopamine, DA) £% A LH A 4 h BV AT AE AL AR I R
EYE, ZV(HEE): V(L) =9: 1 IREBEREBEN S T5, L LMG 3 FEIE R 5 (membrane of
molecularly imprinted polymer, MIP) . LI LMG-MIP R {fi A= btk , @37 TR LMG 588 454 ELISA k&
WT5, FHTHERER 5.18 pe/L, KriBRIE 0.03 pe/L, FIFIBaELE T RIFL 28 A 405X 2 Bl LMG 1925
FIZE B BEAT T B R S AR G, A8 U RN 21. 3% , SEBRAE SINAR B S a0 2 B, 7 ik 10 [l i 3R oy
71.8% ~73.5% , RSD<4.2% , #5HFRY], ZWIETTHI T LMG 5% 8 i Pl fififr
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Detection of Leuco Malachite Green in Fish by Biomimetic ELISA Method

PENG Aihong, WANG Xiya, LIN Zhengzhong, CHEN Xiaomei, HUANG Zhiyong
(College of Food and Biological Engineering, Jimei University, Xiamen 361021, China)

Abstract: For the detection of leuco malachite green (LMG) in aquatic products, a biomimetic ELISA
method was established based on the biomimetic antibody membrane of molecularly imprinted polymer ( MIP) .
Using LMG as template molecules, the LMG-MIP membrane could be formed on the surface of microplates
through the dopamine (DA) self-polymerization for 4 h in Tris-HCl (pH =8.5) . After elution of LMG by meth-
anol-acetic acid at the volume ratio of 9: 1, the LMG-MIP membrane on microplates could be used as biomimet-
ic antibody of LMG in ELISA. The sensitivity estimated with ICy, was 5. 18 png/L and the detection limit was
0.03 pg/L. The cross-reactivities for two structural analogues of LMG were 21.3% for malachite green. The
recovery tested by LMG standard spiking in fish samples ranged from 71.8% to 73.5% , and the average rela-
tive standard deviation was less than 4.2% . The results showed that the method could be used for the rapid de-
tection of LMG residues in fish.
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514 WEL, %, AAT LMG - FEB i ELISA K7k - 15 -

e, R =R RSl TOlk JeRBHLE A2k (malachite ereen, MG) RUIAJE =8, T MG B 4
BAATAE RUNVER, RSB | MER K= S AAm IRl DRI A S A BT 70 R0 s 390l v P ok =
FeB T RS, B MG BAEER U . SR RECE AR, I H MG A S LRSS, 8
i A A S AR A O T R | BRI AR AR LMGY O X AR R G E R GG
TR, ST MG MG MfE, S, gk, HACRIRK R SFRRAS I ek FRa b/ MG, 3.
FEEUML T 2002 4245 MG S (B s Es IR & 25 L HAL S Wi b, 251 MG I TRra & i
SYIFEIE SGs R . T LMG H MG 7K 7= S sk B TR B, R AR, o TR
BT A i R Y MG 5% B AT A, F9E LMG 5% B 0 RS 7 AR A 22

HHT, MG 5% 8 a9 P s /& I o7 vk 32 22 02 i 16 2 9% 75 (enzyme linked immunosorbent assay,
ELISA) 102 (AT i AL 9 ELISA RG] & E 2L MG W HBAR, AREEIEAI LMG, A1
Tl LMG B/ H MG, (R TR BT e, LR LAAELL B Y . 0 TEDBR 49 (molecular
imprinted polymers, MIPs) HA R MWUA W biih iy @ g5 & 0, fefg N T iH& ™. flA
MIPs /R G AEPUAR, W] LASEAS ELISA R SE i . 55 T4 E R T8 F 00 SR 2K 2 0 TP LA M
DA 2 N . INERSEA LR, HAZSER MIPs 45 5 v 2 A [l R B i IR LA M 52 . PRIk
ARXFMZ M (dopamine, DA) AAb-HERG A, LU pH =8.5 i Tris-HCl W A/ it, DA 7k
A RVERT T R AE ARG, TEMELIRRZIE S S48y 5L1A1, e G TR R R Z
B2 DL LMG WA F, 7E 96 FLAIRERZ T4 T LMG-MIP i, DIMLBOA 5B bk, #r 7HF
K= LMG SRS 1542 ELISA ¥,

1 MBS5FE
L1 XS 5iF

MB - 100 -4 A WALRIRG A% (BUH BB AR F]) 3 Spectra Max plus 384 BbR{L (44T
IESARAT) s FD -1D =50 B R TIRA (ALt e RS A R AR ) 3 HH -1 3 A iR
K (LA ST PRS2 ) s pH 211C pH 31 (ERAIS AR A 5 96 fLER AR
(E s R B A FRA R .

MG, AR, P L THADABRA T ; LMG, AR, Aladdin; i3 #ifR%, AR, | 4AOGERE MDA
FRATE; shZMB, AR, Mackling BRI A LY (HRP), AR, Aladding; N, N - ZFHIJEHI iR
(DMF), AR, PHBRfL TR ARRAF,; =R WIEILH B, BR, Aladding HAh {53 4 B =4 #r
gl B FHKEI N 18,2 MQ « em MB4AIIK , 85 faFE S I SE T8 S8 R AT |
1.2 LMG {AEHE S FEN AR Al &

96 FLARIN, LA 200 pL 1 mol/L & B4R, 40 C/KVEINA 1 h, HREAAE vk
AL 10 min, BURE THRS15 BRI RFLAR . B— & &1 LMG (200 mg/L) Jo/K ZBEA T T e
Merb, FRAKFRIC 1:1 A 2 o/L ZE AR (Tris-HCL B, pH = 8.5), IRAIE AR R FL
M, BEFL300 wL, BRI E TRELRIR I B EIRY 4 b, SRR, K HfLRE T v
BE): V(ZR) =9: VIREEWT, WS EIRGIHREMNR 7 F 2/ 3 K, BIK 15 min, o LK
PeEE, T 60 CHURE T, BIFSE] LMG-MIP BfdfLin, JEEDTEAE (NIPs) LAl BEA A
Bt o+ LMG 4t , HALBRIR] MIPs (9] £ 7
1.3 LMG EgtrinER & B

K LMG 73 F A& A RIS MR A S8 A BTG, PRI b0t LMG P40k 1 745 46 e
FIABEREIL, 5% Yang 7 W LG &R RMELAE AL, TRIESMP A 2.4 mL DMF
(19 mmol/L) , 900 mg X} BRI R (6 mmol/L) | 2.4 g JE/K ZnCl, (18 mmol/L) H160 mL JE/KZ
B, BAERGIRGE, AT, RVZHRIE, A 30 mL FEE, BAIRA, FmAEZK™
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- 16 - FFRR A (HARBERRD 524 %

ARERATIVE, VITERBAIKIEDE, B2 TS SRR Sk Cm AR AR b L A 4k

FREL 2 mg JRAEAL LMG 32K, BIA 1 mL Fi54345 20% DMF, #G38HE T IA 33 L ik — W%
(EDC, 2 g/L) DMF ¥k, TFiEfItRSG, MAMESRRIE pH (A2 5.0, MA 7.5 mg HRP, 1R5))5,
FEUKIE pH EZE M, S TR 3 h, BIf53] LMG-HRP BEFrPUE, T -20 CHETE,

ST R BEEAR PR AR ), 4r B HPR | BRI LA A gk . W bRPTIRE LMG-HPR 19
TR ST AN - vT WOCTE I, e = B DR IEIE(E, DA TE M e s I, 1 &2k
1.4 LMG {4 ELISA F5iEpy#sr

M VOIOKZEE): V(OK) =3: 1 IRGHIRECHI B EZ R 0.1, 1, 10, 100, 1000 pg/L LMG #xifE
VW, FE LMG-MIPs FLAR PR FLINA 200 pL ARV, BEIRY 1 h )5, R, REERLInA
200 wLHIWERRZE vps WM R 800 £5 1% LMG BEFRHTEIA (2 o/L), FIRAREIRY 1 h, FFREHRG
Ve LR . I 150 pL 20 mmol/L 42K " (OPD) (i T-4+LH 3H4E3% 30 min, FMIA 50 pL
WfR (2 mol/L) fENZIEW, 4% | min J5, TEEFRCH I GUALAR A R AE 492 nm 20 A IR B2
i, LAIAH LMG AYFLHR R Xt B2

DL LMG ¥ B2 i X BB R A s, ABTIRBUIRS>F- [0 255 RN A 58 ( BIRE b 4100 S 35 0 o 3
55X R RPN Z ) AEER, 2l {4 ELISA brifiEth4e .
1.5 EEMERE

VEREBRPELE 42 (leuco crystal violet, LCV) I MG YE i LMG 45 ¥ AH U4 #E 47 07 2% 10 45 S MR
B, ZEXRNFE (cross-reactivity, CR) HYHEEARUT . CR/% =1Cs1¢)/1Cs0 s, X 100
1.6 #mEINERE WIS

FRELS. 0 g Hrfstta ) (LEZHIHE) , I ART 348 20% $h iR FEHE 1.5 mL A1 0. 05 mol/L &
W% (pH=4.5) 3.5 mL, 2J% 5 min, FREC1 g 3T 10 mL B0, A 10, 20, 50 pL LMG-
LB (100 wg/L), FMA—ERONE, @HRA, B0 (4500 r/min) 10 min, WA FWEHR,
FEER—R, &7 B, BRI T, 1 mL V(ISR ZE): V(K) =3: 1 IREBERER, 1
HEST 5 A4 ELISA I R 5 P LMG i DR

2 #REI®
2.1 96 WFLIRAIZ L T ALIE

B B R O A TR s sk, i SRR Eo K AHA R, PTLLVEAL R OR 2R3k
BRS04k ez Aok gy, AT

PR EIE, (R LR & DLk RSk et (MG m (D

A
A
——-m(LMG) lm(D}?

I n
— s —

NN

B H B, AT 2 B R R A &4 FER I A 0.51 ~—-m(LMG):m(D
2.2 LMG-MIPs & & R4k 0.4f
2.2.1 FEMUAFAT DA & LT E AR 4 W% B e ,33
LA 03

AT LMG 1 DA [OJFR: FORE S50 MIPs B 0.2 k\\\\*\\\\\
FARS T RO RE . 52000 LMG  FlbRd, FH4k

ST ELISA %88 T LMG Al DA AR ik He 49 31 -

155, 1:10, 1:15, 1:20 B, LMG-MIP BExf Hex 00 = 0 1 5 3
%E"J%W‘@ﬁ‘é, éﬁﬁ'ﬁﬁ[@l 1 Fﬁﬁ_\‘o Hﬂlg 1 ﬂL‘J\ﬁtﬂ, lg pryc /(mg-L™)

2 LMG il DA FRRELL Y 155 B, th T DA (k4 FT NG TE BRI PR LR B i

R Bt 14 B B 2 Ml
>, A RS 2y JE
= AL LR U (7 b T 2 DA iR Fig.1 Effect of the mass ratios of LMG and

Bf, EARWH 2 m, Bl TREEE SN dopamine in MIP membrane on the adsorption abilities
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1 WL, M. AT LMG K5 T BB A ELISA A7 i <17 -

MIP BB TR T = A T4, H i FIE AR MIP B8R 530 LMG Bt or 7 A 5 B Ve, 3 i PH A
R, ASZERHESE LMG A1 DA ik 1: 10,
2.2.2  BABFEIXT MIPs R FFH4: g 4 5

DA H%4L F A RIS MIP B JEE Bt = AR B R, iSRG RIS, I A R Lo 4h
¥/l N2 MIP XF H AR A I B i 3R G i )4, 0 S8 MIP BREOR )R, SE6 %45 T R4 i i)
3R 2, 4, 6, 8 h Xf MIPs Mg fHHERE MM, S5 5K 2 s,

2 ar L, RGN 2 h, FSLR EESE A, X LMG AR R U AR, R A
[EFER 2 6, 8 h Bf, SLFLAL MIP BEAYIR G EE(EAE 0.6 ~ 1. 1, BEAFRFLAREI (iR, TR ™ ®E (i
Kl2b), MREBIMN 4 hBf, AR BEEE Y, T4/, LMG-MIP EGFLARAE 492 nm 4b W

BE{H (0.06 £0.006) 525k (0.05 £0.005) AHIL, DRIHR IS BIEN 4 h,
051 [

—=—2h
—®—4h = k-.- WS LSS
0.4 R
2n O
03[
g
<
0.21
0.1
0 =1 0 1 2 3
lg puve/ (g L)
a) X H bR W EHE Adsorption abilities b) LB Color of hole plates

B2 EREREX MIPs B B 1% 88 & 5 i
Fig.2 Effects of polymerization time in MIPs membrane on the adsorption abilities

2.3 HF#EEE (scanning electron microscope, SEM) W3RFRAE

H5 96 FLHRAY A AFURER 28 2GS HUI AL 1 em x 1 em BYTJF B, 439078 HL 3 i i 4 MIPs LA NIPs
JEE, Xas FUERIE LM . MIPs BT NIPs fE3EAT SEM RAE, 25 LIE 3, &3 40dll0E 96 FLAR b 25 1
b (K 3a) . MIPJE (& 3b) FINIP i (& 3¢) 1 SEM B, fHIE 3 7 LLAE ), MIPs AT NIPs fiit
FEET 96 LA, JEACER, (H MIPs 5 NIPs A HAA — @ fRR 4, X AT RBJEH TREGBHIMA T
LMG, ZJ5 XRebith £ s,

1o [RS45005 06/ 120mm 00k SEL)
a) 75 F i fLAR Blank hole plates b) MIP fii£ MIPs ¢) NIP [ NIPs
B3 Z=BEMFLE.MIPEM NP ENHEEBREE

Fig.3 SEM images of blank hole plates,MIPs and NIPs
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- 18- FFRR A (HARBERRD 524 %

2.4 EBERIERIRIES

hE 4 aJLLAEH, REMA LMG 78230, 319, 426 nm AbA W, HRP 7E 285, 403 nm AbA %
Wl T EEARPTR LMG-HRP 7F 226, 319, 426 nm Zb45 Wi, HRP 7F 403 nm &b () W I 04 (i 156 /5 314
KT, MRHEA LMG 7£ 319, 426 nm &b W LE RISt A 855, UiBH LMG-HPR (4RI 5 0 2
ZRE,
2.5 {F% ELISA ¥R/ 2

TERALR S AT (B F A Z B R FE o 1:10, BAREI 4 h) |, #5717 LMG 5
ELISA FiEpubnifE TAEMZ (WES), RNy = -10.932 x +57.805 , MHCHREr =0.9953 , 5L
LA IC, (R R T IER REUE | 10, Rl R HEiZen &1, LMG A 1C, [ 5. 18 pe/L,
A R A 0. 03 pe/L,

3.0(
— CLMG-HPR 801
25F HPR
— CLMG & | "
20 319 E o0
H =}
1.5¢ 403 426 g
- § i Z 40[ y=-10.932+57.805
f=}
L = R?=0.9906
1.0 oy
= 20+
05k =
0 \ Lo s =, 0 - - - |
200 300 400 500 -1 0 1 2 3
A/mm lg prye /(mg-17")
B 4 CLMG.HRP #0#gHR i JE B £ 5h 71 Tt 1% E B 5 LMG {74 ELISA #5# # £

Fig.4 UV-Vis spectra of CLMG, HRP and CLMG-HRP  Fig.5 Standard working curve of ELISA for LMG detection

2.6 EEME

TR PEH LMG PR 25 24 LCV Al MG A7 ik e B il . 38 1 ml A, kil &1
MIP XS LCV 1 MG 4 CR %A%, 43510 4.2% F121.3% , BLWIHCFLIL LMG-MIP E7E 4 ELISA 3%
G O LMG A BT iR 5 HU g
2.7 FEminiREE

R T BUERALAR LMG-MIP JSEAE A 05 A LR ir 57 19 ELISA J7 ik i 2t F SEbs fa Rt 4 7o
Mg, 4R 2 s,

2 AT, IR A 71.8% ~73.5% , RSD<4.2% , Al WL, A SCATEEST 54 ELISA A &
HA I A0 RS Y LMG 3R B &, ik R, af AT L  LMG PR i A

&1 LMGC REZEMME 1C, %1 CR ) o
F2 B LMG HIEREIGIELE R (n=3)
Tab.1 Gy, values and CR of Tab.2 Recoveries of LMG in weever by ELISA(n=3)
LMG and its analogues

KES p(LMG) ELISA WSE(E - Il FRXT H v i 22

% IC
XY % . CR/% ", . Measured values  Recoveries
Competitive compound /(g + L) Sample /(g + kg™ ) /(pg - kgfl ) rate/ % RSD/ %
Btk fLAE A 4% LMG 5.0 100 1 0.72 +0.03 72.3 4.2
i
Bapkal i 2 Lev 120.2 4.2 ffitt, 2 1.44 £0.05 71.8 3.5
Weever
fLE A5 MG 23.5 21.3 5 3.68 0. 15 73.5 4.1
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514 WEL, %, AAT LMG - FEB i ELISA K7k - 19 -

3

it
LA IMG At sr+, A DA Ak A R G 7EE R B Gl AL AR 2R 1f0 ) 45 50 7 BB A, DL MIP i

YERDFADUA, #5017 LMG 54 ELISA R 73, 7 ik i FRIA 5 0. 03 pg/L, X LCV Al MG 1)
B RLRAT NN 4. 2% F121. 3% , K sr 19 0736 0 H T RS T LMG Rz, inds i3
71.8 ~73.5% , RSD<4.2% ,

—
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