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FlEAZESENGH EMEBEERKEN T ERNEL
T F Hem REAKR R F
NSRRI AT, T 510410)
W OE

WEH

P(AEE R R SR, T 510640)
EEXTFLAE A G = IR IR 454 TS B 1 Rl B2 b R, 1l (R IR A 1 L s e Fnan it

FlE, A R e A ) BT FE DT MG-DA4-CT W25y 1eG B Ry w A ol XA B 2 Ak vk
& GO RAEAL AL T AL A SR IR ST AR MR S e AT T vk . DT IR IR BE (1C5,) 9 0. 96 pg/L, 2k

ERREEA

PERGIAE T (1C ~ Cp) A 0.1 ~8. 1 pg/L,LOD(IC,,) 7 0.05 pg/L, AT F2 y = -0. 32741gx+0. 4698 (R* =
0.9891) , A kA, SR RILE A G L /NT 0.1% , 5

25 B RSB AT SRR R A3
18. 1% F126. 5% ; SZBRFES AR E Hy 87.3% ~107.3% , A< J7 B 5 45 SR 28 HPLC-MS/MS 77 BeifiilE, —
FHAHRKRER 0.999, AT k] FlF 40 2845 K 7= i rh FL A8 0 SR AR B3 A0 SEBRAG I
KEER LA, PR, TR, SRR BRI AT
1 51 &

fL# f14% (Malachite green, MG, I8 1) J& = B2 Tolk B}, M 1933 AR 2% 0] L B 700 )™
Z R T I 516 97K S 3R rh B K B S RN IO 452 (B LA A R AR
PeFLAE A S A T =30 VE T, PTREXRT A R S PRI e %, IR, SE I ik R A
FHRER ILAEAK P IR P AL A, TR T 2002 4RKE LA A 2SR Sh A5 B9 8245 R AL 5 )

VR TR BRI, T LA AT AR T B ERCR AT, ELN AR AR, B — e 3 2 AR SR S 7K i R
FH B S AE B R RGO ORAAAED " BRI RS FLAE A S DRI v AR Ty e

FRT, R AL A7 21 7 1 2 A R B0 (385 125 (HPLC) 12 R &0l k™ i/ bk 43 #r

S
B (LC-MS) 1 R e g i A 2 ARSI T 2 B BRI S A I A R, X A
NGB ER R ME LI R 240 K A B PR It 2 50K 5 A B3R T7 ik 5 155 7 20K LMG

AL MG FRIE MG Fit ™ e M vk B RS I Fe 5 e B AR R A I AR IS 3 A
PR 075 10 S o 20 AR 24 0 5 A DA R AR A A A A, AR, T AL A
PRl 25 A G R ik ST BB ST 4 B i R AL T A A A R, IR
#HALE A GBI Rk E R M 2 AR 2 o4 AL A btk J34h, Yang
L) 5 I FLAE A S 2 T BRI IN R X 0. 05 e/ L, {58 T 2 se e A A6 1l 46 JE 91K el
FEEMEZEGEARE AR TR A PRI Oplatowska 2518 3 1o 1 45 FL A8 £7 4 B 7 e PR EE ST T H0 0%
By LRI R R .27 /L) o BRI, A B FEFE RGN BF L0 1 112
¥ (icELISA) /FY, Jy B I BR T 35 0. 05 we/L, 28 HPLC-MS/MS J5 ¥ X BOIE | A% 7 g il ewfy Fa e,
HARVEREA T3 SCERIRAE , T LA 2 LA A SR Y SEBRAG I R
2 ZERS

CARFETRE PR A TP 1 FL A A S A e D IACRE R ] 8 M e R SURE 7] 42 5 4 B S P2 A 7
2.1 X5

U-3010A $4b-RT U3 6% BE 11 ( H A Hitachi 22 F]) ; Multiskan-MK3 2 ) GE i b1 { Al Wellwash-
2016-03-11 Yk ; 2016-06-06 %%

B HRBEFEETH (Nos. 2013030013338, 2014A030306026) 1 H %58l .
# E-mail; syd_tyx@ 163. com

MK2 E#AL( 3€ E Thermo 23 Al ) 3 API3000 & AH {2 i — 5 DU AR #T 5 3% 1 ( 32 [# Perkin-Elmer 23 7] ) ;
AR ER ARBFERS (No. 31371769) , T~ ZRA R I H (Nos. 2014A020219008 , 2013B040402006 , 2016A040403077) , |~ %
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Malachite green(MG) Malachite green carbinol form(MGC) Leucomalachite green(LMG)

B fLAE G RS g5 H 2t
Fig.1 The chemical structures of MG and its structural analogues

DRX400/600 % ILHRAL (725 Burker A7) .

N, N-Z R R (AR, PS54k Tk ) 5 RER I R BT SRl AL sk fLe
2% (98% ,Alfa Aesar A7) ; FRfLAEALE(91% , B LZiER2E2ER AR A A ) 5 IRACFLAE A %% (D5-MG,
>99.0% ,Dr. Ehrenstorfex A F]) 3 80 (>95% , AR 9, KETH BHE R 2AIF) HF & haly) ; RS & M
(98% ) IR TERALFN G AT ALK (99% )  N-FLIEBEFAME W (99% ) \ I 3efik — 1% (98. 6% )
A I B 1 (98% ) (Sigma 23 H]) 3 HRP FRid iR 1gG ik (R84 Y TRAR/AH ) ; BCA
( Bicinchoninic acid ) & [ ¥ B i 00 & (AU st BB AR AE B AR A IRAFD) 5 /N BB S b 1A 7 28 5 e
R & (Sigma 22 F]) 5 AP (pH 9.6.0. 1 mol/L BRERERZE ik ) 1R (7 0. 05% M:JE-20 . pH 7. 4
[19°0.01 mol/L BEMRERLE vhifk ) (P (5% WM AR W5k W R $R VA5 V) , B BV R W PR R 2% vl (0.2 ¢/ L
KH,PO,, 2.9 ¢/L Na,HPO, - 12H,0, 0.2 ¢/L KCI, 8.5 g/L NaCl, 0.05% Tween-20) ; H 50 [H
PR A s e kAl . MRAERE AT N AR T

SPF 9% Balb/c MfEPE/INER 538 SMEPE B WA BRI B ) R 48 B2 sh B S s ot (O ARk L) Ui
JEANAEL SP2/0 (R H Hh Il BERNR2E ARSI E ) .
2.2 EWHE
2.2.1 AERFFENENESHR GUFLETE 2% Bugstahler 2 5k, SEPURE MGH: THH
FINA 6.1 g BRIEZEHEE 10 mL Smol/L NaOH ¥, 5.8 g Z LERENA1 40 mL 2518 7K , 60°C T It
JNE2 ~3 h, JZBEEHE M HCL I pH =2 Z2 47, NaHCO, 458, 5 e 2B, /KA FH¥E HC I Z= 3T
FENTH AR R 1, B SCHR[26 ) s BN, N- B L2812, 50 ¢ TR, INAS. 0 g Aber-
lyst 15 Resin, B T IS EE /R i 0y i) =4 1, B %, RO 58 s, AL O mol/LL
) NaHCO, ¥ , £.18 L BRZEIL AN NaCl YEi TR BREREMBR K , R TE 2515 B 7= 4 2, FREX S5¢
(B =4 F R, 10 mL Z5587K, i 5g PbO, , N 1 mL WeERER , 28 T4 1 S D 0 S 7= 4 1 et
VR, Ak AT R AT AL R AR E AT Al AR FLAE A TR MGH , A U4 L T X

/!
Ho 0 = OH

(0] H OH
aPe
. NaOH
Cl _d-_ Aherlyst 15 Pbo’ a
+ AH,0
0] ONa = 100 °C Conc. HCI
0 S\e

Py R alifl 5 % F ESI/APCI-MS 5{'H-NMR %7€ .

2.2.2 AIRBEMERMETE RAEEERET KPR MGH 584K & 1 BSA 1 OVA 4 HI{HEL,
B ARSI R L THUE, 2R H Bicichoninic acid( BCA) 2 A e B vk B SR £ A
T GBI A T S R

2.2.3 BEERANHEEE S BICH[30] 897X Balb/c M RIEFT 9905, SR F Al %
ELISA Fl[BJHz56 4 ELISA J7 5% a8 8 S TR Fe Stk 2 s S BRSOk 31 ] A ik b4 770N BRI 4
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Jit15 SP 2/0 JR3 40 AY MR A S 0k 5 SR R/ BROME s 5 S HE /K ) 48 B s B TR ) UM RN B R B VLT
LA TSR 1 SRR ELISA % PUiR WSS, 7% Sigma 23 7] B 58 BB IR 43 JA5 & it
B A58 SR A1 ELISA I 5E BRI 80K, .

2.2.4 icELISA FAiEWIRESL  ARYESCHR[ 37 ] Tl #2098 | AH 48000 2 VA 1 8 B FEDUIAHR B B M v
JERHe R 5 e PR RS AL AT R AN TR N PR BB AR SRR, DL MG VR B B R I B
REAERR UL B/By AR (FE By AR5 RO Ay o, B N EGHIIRIE N & BT Ay )
B/B, }90.5 FrXd B L B A ICo 18, L A, /1C, B FEAEAE A VA0 4% 5 1 DR 2% Al b o, HL R, Dl
1R R M Y SEBUR AR BN A5, 8 Origin 9.0 B4, 422 R DU 2 8006 40l 22l bs v il 2%
2.2.5 RMERERE LA LRSI RS RV BE A PR EVS W5 0 PR i B 0 (25 J2 S
B IR LA K R A, T—20°C B URIRAT, FE . BIPRRE I 22 . FRE 2 ¢ 10 W T
15 mL B8 A 1.2 mL 1 mol/L XF SRR FR AT, A 2. 8 mL ZZIB /K SibrvfE i i BV, I 2
PR 5 min,4000 r/min #5010 min, B EVE, BHE LREE, GIFHKR LE, NMA 1 mL ECKE, B
1 min, 3000 r/min Z5.0> Smin, BT JZIERBEAT icELISA K0 75 I [B] e 28000 5 . S5 56 /g AR EUAT MR YRR
wb, WIREE 052 0, 1, 3, 5 pe/kg 9 MG, 35 345)  BOCHUE T 4°C UKFRIAL, BT Ab 25 12 [R] B PR
s I 2 Tk I

2.2.6 HPLC-MS/MS FEWIE RAWARE, ZEMEFHE S ImA 10 neg/kg B MG FrifER 5
br, BESHETALFE )T R 2. 2.5 45, i HPLC-MS/MS #EAT 736 LU X, (A3 S5 -0 F . (3% N Agilent
Zorbax Eclipse PlusC (150 mmx4.6 mm, 5 um) ; JsIAHEH K5 (A) F15 mol/L ZFR%E: (B) LA, AV
BiS%0 /. 0 min:70% A, 30% B; 3 ~14 min:95% A, 5% B; i :0.5 mL/min; H:iE.25°C ; JEFfEa.
20 pL, BUiSsc0F . rESs B U5 (ESD) 1E &4, >R 22 SO Mol ( MRM) 82X 5 FRLIBE 25 HL e 5500V,
Y SR 1 70 psi, BALSIE S 60 psi, AT SE 1 20 psi, B FIRIRJE 350°C ; FLA&E A &% @5 15t
(m/z)329.2/208.2 331.2/315.2 B B T 5 (m/2)329.2/208. 2, T 60V, i 1 < RE & 48 eV, fill
EN OB ER 15V, TALE A GNP T4 (m/2)334.2/318.3 334, 2/213. 2, 5 1t £ 1 X
(m/z)334.2/318.3 , KR 65V, i< GEE S1eV , A = 1 HHE 13V,

3 #ZR5ite

3.1 LEAZFEMENIZITEER

AN TFACE PB4 AR T8 BRES PR BB A B, R I 3 ~6 IR IE K Y25 ]
] B AT A T E AR5 4« B2 R T3k IR 2R 1, B W LA G0 8 2R Ge LS, B8 I 7 A R S R B AR B T i
PR RIS IE T LA A = IR R R, A D 2 PR A RN PR R S S B 5T A R L
P A R TR O R Y i R AL A SR R, & TS S R R ST, PR MGH
E RN (E 2) , MS(APCI positive) m/z: 403.1 [M]*,'"H NMR (600 MHz, CDCI,, TMS) : §7.36 (d,
J=8.7 Hz, 4H), 7.27 (d, J=10.2 Hz, 2H), 7.12 (d, J=8.3 Hz, 2H), 6.88 (d, J=8.6 Hz, 4H),
4.76 (s, 2H), 3.31 (s, 12H) .
3.2 AIMERNEREEE

— Bk U, R TR B L A BT R T B AR R — R, A WF ST A R AR 100 kDa KR (1 3
10 ~30 AU THA R TP =408 R AR FEE X 60 Bl Bt J5 o 0 A 10 5 4 0 50 R i
JEF=A R PRI AR S 6 30 2 45 2 B U 2 AR IS S [RIBORHEE IR L, A3 1 R AN [ B K H
N THURE AL ~A6(F 1), DL BSA RSN THLR A1 F1 OVA ZRARIE N THUE A4 A, UV-Vis il
FER, DR A T MG RN AR R (0 R ISCREAE, BN T A oo (| 3) [, 2
Fedenko ™" By kI T PRI LLAE 701 ~34: 1 Z [ (F£ 1),
3.3 FEBEL L HEXHINE IR 51 8L A9 00

B PEBT R B PR o S 3R 3l F 2 5HA S sh ML P2 A A P AIRU P e = A S i
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100 - 40333
A B s
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£ 40T 5
<
o
B | 404.32
=+
< 40524
= 20 309.36
12222 34426 !
2 272.25
—, ]38‘]f,|v3|257.01 I ‘311.21 (27 561.04 70785 78246 82287 87803 960 ) ey - El
0l— T Hlluhhw il bbbl il b ol Lo | S | | Lo | 9
100 200 300 400 500 600 700 800 900 1000 7.5 7.0 65 6.0 55 50 45 4.0 35
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B2 LS MGH A7 Bl I (A) A RE 0K 1A (B)
Fig.2 Mass spectrum (A) and H'-NMR spectrum (B) of hapten MGH
R AN IR IOG I 0 T B A I He 4 2R
Table 1 The coupling ratio of artificial antigen determined by UV-vis absorption spectroscopy
] FPURRE SR T BURE IR/ AT !
s REst HIEEA R R L Hapten concentration/ Antigen concentration/ HEX L
Antigen Hapten Carrier protein ~ Molar ratio Hapten molecular weight Protein molecular weight Coupling ratio
(pg/mL)/Da (mg/mL)/Da
Al . , 100 = 1 0.024/374 0. 13/68000 34:1
A2 FIMTRE 50 0.063/443 0.37/68000 261
A3 MGH 20 :1 0.038/403 0.56/68000 12 :1
A4 N 50:1 0.052/403 0.34/45000 17 :1
A5 gl]glv%;H 20:1 0.037/403 0.33/45000 13:1
A6 10 :1 0.041/403 0.64/45000 7:1
I, S 43 88 T BSA T OVA B IRE 1, R 4
e \ - e —=— 5J8 (Antigen)Al
PG ACFTR I CRUR (AL, A3, A4, A6) %3k 3)
Yy SR EEEE e THL RS 1 12 H/NECR IR 3 —— 5L (Hapten)MGH

—— OVA

BREL ML, 4000 r/min 2.0 BN , % M icELISA % %%
THUILIE iS5 A AR S RIEE 25 58 B0 B R A
R L X B A 55 G TR R BB 7 A e, SRR B AR T i
BSA 1 OVA PIFP kAR (1119 6 FOR R b pidt

—+— $ii )5 (Antigen)A4

Absorbance
¥
S ——

JRAAE TP g B iR B tERe (K 4,8 5), ZiR %R 90 300 400 500 800 700
B . DL BSA S AR IR L (34: 1) $TLE AL % A (nm)

FRAFIIPL ML TE S (] 4a) 350 TR B bt
A3 SPESAF RPN TG LM (& 4b) , HARAEIK Lt
A3 YL IMLTE X MG TEHES U (& 4b) 5 DL OVA
SRR A A TR IR L BT (A4 A6 ) S8 FRAT T I T 20 B K i T BSA 2R AR BT IR A9 I35 (OVA .
32000 ~ 64000, BSA ;1000 ~32000) , HEE TR [RHEE L A e bi it A4 (& 5a) il A6 (&l 5b) FRAS 4TI T
X MG A RN S) , Bt E A4 BB (K 5a) X MG 50 P fE e, RBUE 1C, 0
2.34 pg/mL PUMLTERMIE 1:64000, KL, PP A4 Gos /N RIE T B g BEBTIAR I ] 45
3.4 BRERGNHE5LEE

ZIESCHR[ 29 ] LS T AR A S0 E . 5% 10 KRJF, W UBE WS 40 Ml il & 383K 35. 6% , 443508
MR 2 HE T L AR 174 ~ 1/3 B, 60 A 24 5888 4 1 B35 WROT] icELISA A A6x ) 45 SR A7
2 FLEE PR, AR 4% , H A icELISA #EAT4GIN , 340 9 MG #0i], 3E8E A, . TEL R X MG BRI 479
FE: 20 M FLIUEA T I ST | 345 — R B 20 Bt MG FUAAR (4 40 O Bk (v 4% 4 MG-DA4-C7) | HLik iy A8 oy
IgM B5EN « B PR ERIIEE(K,) 0 7. 19%10° L/mol,

K3 Sl A S N THUEE ST WO 1 4]
Fig.3 UV-vis spectra of artificial antigen of MG
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Antiserum titer(x 10°)

270 s Al 72000 25,
Immunogen Al G FEHU IR A3
i Immunogen A3
20¢ %\ 10 = 20¢ to
T ko
] < =
1.5r > 2 1.5
g A A = = 2
: hoo 2T F A
1.0F < 105 E 1.0 0.5
— |z
- <
0.5r 0.5r
0.0l ' Lo o 0.0LA———=— 4 0
A4 AS A6 A4 AS A6
Coating antigen Coating antigen
B4 RIFIEER b BSA 44 KL G e S e 7% 19 52 )
Fig.4 Effect on antiserum of BSA carrier-based immunogen with different coupling ratios
25 a smbiR Ae 7 2000 250 b kiR AG T 2000
Immunogen A4 “11.0 Immunogen A6
207 5 2.0r %
x
S 3 = : P~ 3
1.5f S g 1.5¢ . * N
g = g
= JT000=" g5 £ < + $ —1000%L
1.0 < g 1.0} =)
" £ N
0.5r 0.5r
0.0l 1 I o 10 (0] I o
Al A2 A3 Al A2 A3
Coating antigen Coating antigen
F5 ORIFBIR L OVA A RE G I RT3 1 52 )

Fig.5 Effect on antiserum of OVA carrier-based immunogen with different coupling ratios

3.5 MG BEREHE icELISA ik EL

BETF T A AT I ] A RN A AR S 1 R E 5
SR DLA LS TC 5 R bR o X 4 e
B BUARTE BEASE M BeA5 2 22 v pH (E
ithetb, B fefE TR AL BTN AS
Bk BE o 0.5 pe/mlL, BT BEAE A 50000 £5
(2.68x10”° mg/mL ), — i s B 7% % A 6000 13
(1.67x107 mg/mL) , ZZ WK ZR H4 0.05% Tween-20 .
pH=6.4 i) PBST I&¥# ,

HRAE 13ROk 25 1, S 30 T T FL 28 A SR K
oI 5 1k AR T 28 (BT 6) , ik 2 0 il e i
(1C5) 4 0.96 pg/L, KrFEE (1C,, ~1Cq,) K 0.1 ~
8.1 pg/L,LOD(IC,,)=0.05 pg/L, M9 57 N
y=-0.32741gx+0. 4698 (R*=0.9891) ,

3.6 AEBRMESW

PAAE X2 % ZE ( Cross-reactivity, CR) TEHY icELISA J5 i B4 b, CR B, Hr Sk

NN .

B [Cs=0.96 pg/L

0.5

1

0.8F
0.6F
£ 04
Q
0.2F
0.0F
Ll
0.1
&l 6

Malachite green ( pg/L)

100

icELISA YA N FLAE A1 2k BpfE I 2R (n=3)

Antiserum titer(x 10°)

Fig. 6 Standard curve for detection of malachite green by

icELISA (n=3)

S
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IC
CR(% )=-+—"—x100,
1Cs0 (659

VEPES FLAE A SR A AR R — 2R B 28 25 W LA B, — SE IR R 4548 25 ) 64T 7 i R S DR, 45 SR
%2 R, T AL A G T ERUAE ST (19 icELISA J7 ¥ SRR 525 28 Al 428 YR N 2R 4%
IR 18. 1% F126.5% , SFafL4E ALk Btk 4h 5258 XUV 35 5128 0. 035% F10. 04% , 5 H B IR R 45
P TCAE SUR I,
2 HFHRSCEHREN Y ic-ELISA X MG S ILZEA LI 1) 38 SR %

Table 2 Cross-reactivity of monoclonal antibody against MG and its analogs by the icELISA

ety sk kL st
Competitive compound Chemical structure IC5(ng/L) > (% ) ¥
fLEE A5 O
: > 0.96 100
Malachite green, MG
: Noaol
B AL e £ O
T 2730 0.035
Leuco-malachite green, LMG ~ O O -
\ i
w
P4k Bl
IR PSS s - 2407 0.04
Leuco-crystal violet, LCV O O
E v
~
ok E s
. j”“‘?‘% . - 5.29 18.1
Crystal violet,CV O O
N v
FLAEf1 4% carbinol HO
malachite green carbinol, MGe D O 16.24 391
\N = ]\‘I/
+
NH,
=)o
fill #h 2T 4431 2.17
Pararosoniline , PA O O
H,N NH,
| |
P L -N S N~
Methylene blue, MB \G:H]@/ 138.58 6.92
[SRURAIPSEES
T >10000 <0.01
Leuco-brilliant green, LBG LN O O NJ
N ~
25
- . 3.62 26.5
Brilliant green,BG LN O O NJ
~ ~
N, N-—HIREE |
N, N-Dimethylaniline /N© >10000 <0.01
N, N-" 3R ~O
N, N-Diethylaniline >10000 <0.01
Sk N
ot o >10000 <0.01
GBS _< >
Methylbenzene LY <0.01
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3.7 ARmEYxIE

SEOG 3 FH T I AR & e HPLC-MS/MS 325 ERf I 22 25 FIRE A P MG /& &, 2RI 36l a3
CLRIR B MG, SR A icELISA #4745, J1BRZS (R MG & 5 1HRER I MG e, 4551 R 1
D5 R N Rk 87.3% ~107.3% Z (8], i3 HPLC-MS/MS X J7 2% B 1A B2 AT PE 6, ih 36 3
HORICHE AT T ST Y icELISA Ty X SEBRAE b K i 45 5 55 HPLC-MS/MS il 45 5, Wi 41 56 R A6
0.999 , R FTEE S 1Y icELISA 771 RS A 15 156 1 BH A b, Wl 2 A SEPR A I 55K

23 icELISA 351 HPLC-MS/MS &N € FE fh ds in [DIsc gl SR Hu X (n=3)
Table 3 Recoveries of fish sample fortified with MG by icELISA and HPLC-MS/MS method (n=3)

icELISA HPLC-MS/MS
e B O e e s e FleE kbR
Sample (pe/ke) Measured value Recovery RSD Measured value Recovery RSD
(pg/ke) (%) (%) (pg/kg) (%) (%)
0.0 0 - - 0 - -
L5 th 0.5 0.5120.03 101.9 5.0 0.49+0. 02 98.1 4.1
Turbot 1.0 0.940.06 93.6 2.6 0.96+0.05 95.6 5.2
3.0 3.07+0.12 102.2 3.9 2.88+0.07 96.0 2.4
0.0 0 - - 0 - -
ifh 0.5 0.440.02 87.3 4.1 0.46+0.03 92.0 6.5
Weever 1.0 0.96+0.07 96.2 7.0 0.93+0. 04 93.1 4.3
3.0 2.98+0.07 99.3 2.3 2.91:0.07 97.2 2.4
0.0 0 - - 0 - -
FEfE 0.5 0.46+0.02 91.4 3.2 0.47+0.03 94.0 6.4
Mandarin
fish 1.0 0.94:0.06 93.6 2.6 0.97+0.05 96.7 5.2
3.0 3.07+0.12 102.2 3.9 2.95+0.08 98.3 2.7
0.0 0 - - 0 - -
i 0.5 0.47+0. 04 94.3 8.1 0.48+0.03 96.0 6.2
Shrimp 1.0 1.07+0. 06 107.3 5.8 0.97+0. 05 97.1 5.7
3.0 2.94+0.07 98. 1 2.5 2.96+0.07 98.7 2.4
ifa{gﬁe 97.3 9. 1

3.8 REEXRE

A S T, i 4 icELISA A8 T MG iR &, SRA 3 A HE Ui i & 2l & 0. 5,
1.0 F13.0 wg/kg WEEANANAS FUBERE AR BE VR EEREARAM 3 TS, TTE0RE S S ] A0S0 AL A AH XS
it e, Geit 3 A AL & AL IR i 22 . 3% 4 Bedis e W 1R Gt (A) PR A O 22
<10% 3t (40 FIHDSBRHE G 22 <5 % , 58 4 1] LU AL SEPRAE il i MG 5% R BRI 75 oK

F 4 icELISA B SR G ke i P MG RO #E (n=3)
Table 4 Detection precision of malachite green spiked to weever sample by icELISA kit (n=3)

AHXTARER 2 RSD( % )

N ¥ M 52 AT 5] %
Sﬁ}'ﬁie Aﬂgfd étft{ﬁ N‘l}ejefsﬂ%d chiezry HE HE
(pg’ke) (ne/ke) (%) Intra-batch Inter-batch
1 0.44+0.02 87.3 4.1
0.5 2 0.46x0.03 92.4 6.5 3.4
3 0.43+0.04 86.0 9.3
1 0.96+0.07 96.2 7.3
‘gfﬁ:r 1.0 2 0.93+0. 06 93.2 6.4 2.6
3 0.98+0. 06 98.1 6.1
1 2.98+0.07 99.3 2.3
3.0 2 2.92+0.11 97.5 3.8 1.0
3 2.95+0.12 98.4 4.1
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Synthesis of Novel Hapten and Development of Monoclonal
Antibody-based Enzyme-Linked Immunosorbent
Assay for Malachite Green in Fish Samples

WANG Yu', YANG Jin-Yi*, XU Zhen-Lin®, QI Ping', SHEN Yu-Dong**
'( Guangdong Provincial Key Laboratory of Food Quality and Safety,
South China Agricultural University, Guangzhou 510642, China)

*( Guangzhou Institute for Food Control, Guangzhou 510410, China)

Abstract To produce specific antibodies against malachite green (MG) , one special hapten was synthesized
and characterized, and conjugated to carrier protein as immunogen. The immunogen showed excellent
reactogenicity and immunogenicity. One specific monoclonal antibody (mAb, named MG-DA4-C7) with high
sensitivity and specificity for MG in indirect competitive enzyme-linked immunoassay ( icELISA ) was
screened. The isotype was IgG1 and the light chain was k type. After optimization of ELISA conditions, the
proposed icELISA showed a 50% inhibition value (ICs,) of 0.96 pg/L, a linear range (IC,,—ICy ) of
0.1-8.1 pg/L and a limit of detection (LOD, IC,,) of 0. 05 pg/L for determination of MG. The assay
showed cross-reactivity of 18.1% , 26.5% with crystal violet and brilliant green, respectively, and negligible
cross-reactivity with other metabolites of MG ( <0. 1% ). The average recoveries of MG from spiked fish
samples were from 87.3% to 107.3% . Good correlation ( R>=0.999) was obtained between the results of
icELISA and those of liquid chromatography-tandem mass spectrometry analysis. The proposed icELISA is
suitable for the determination of MG in fish samples in a simple and sensitive manner.

Keywords Malachite green; Hapten; Monoclonal antibody; Antigenic-determinant; Enzyme-linked

immunoassay
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