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[ E] VREWEKEZRT ENTEL8EERYGHE W (MQCA) ty &M M6, #it T — &
MQCA A T4 J8 , %t iR B L B R 8 MQCA TR E A e, XA AETHE A REK
B ER -NH,, BR=FSHFRN &K ZFRE L5 Ea RAREER RN LRIR)E, @
— A R UK, BT T MQCA BRBR 2 5 &, REUE &, 7 4,105 1 1. 94 wg/L, & r
TR Sh AR P MQCA 7% 8 B0 H B 50 $ MR Ak el ik, MR AT B A 8 A\ & o MQCA 8y
A IR 27 4 0.42.,0.23.0.28.0.28 pg/kg, 2 A R B Ak B MQCA(L, 2, 4 pg/kg) oy B
HT0% ~97% ; 4 W WA E R RABHKT 2%, ARXANETRB AL AHERE, HLE
MQCAZ G M+ X EEEER, FIRAHH T2 THMF IR &I, h I A 0 FHR
Bt E R NE SR,
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A Novel Hapten Design for Marker Residue of Olaquindox and Its Application

on the Veterinary Residue Detection in Animal Tissues

BAI Yu - hui, WANG He - jia, LIU Zhi — hong” , HUANG Yao - ling, XU Shi - xin
( China Institute of Veterinary Drug Control, Beijing 100081, China)

Abstract: In order to improve the detection performance of enzyme — linked immunosorbent assay ( ELISA) for
maker residue of Olaquindox ( MQCA ), a novel hapten of MQCA was designed. This hapten keeps the
characteristic structure and goups of MQCA , additionally, it can be easily coupled with protein carrier according
to its = NH,. The hapten was synthesized involving in three steps. Based on its coupling with protein to become
the immunogen, polyclonal antibodies were prepared. A rapid direct competitive ELISA was established to detect
MQCA in animal tissues. The antibody showed high sensitivity and high specificity, with the ICy, being
1.94 pg/L. The limits of detection of MQCA in liver, pork, chicken, and egg were 0.42, 0.23, 0.28 and 0. 28
g kg, respectively. The average recoveries ranged from 70% to 97% at different spiked levels (1, 2 and 4 wg/
kg) in pork for MQCA, and the intra/inter — day coefficients of variation were below 12% . The prototype kit
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could be advantageously used for the screening of large groups of samples, and has potential to play important role

in the detection of MQCA. In addition, this study may help to guide the antigen design of small molecule medicine

more reasonably, and supply new concept for the hapten design.

Key words: maker residue of Olaquindox; Hapten Design; ELISA; residue detection

W LE(OLA) , 7073 €, His NS O, S ME g I
RYUR 2P IR, 2N o 3 - B3
MEERK -2 — R (MQCA) o 17T OLA XK Z %3
YA W1 A EOREVE T, X LA T AR ) = Sk, B
SO BRI AR 2 FAE A 1k
il {1 OLA . A 45 7€ 19 = 2 5% B bn iS4, MQCA
T a5 OLA 7E 5 HUE ™ i ik 25 (s O . A
PR TT AL MQCA (i HARAN XS & A% BT IS
JRART BB S Jy ik (ELISA ) HUAT P
i TR AR BT A2 T A B T B
RS P HR T i 6 VB 0 1) 25K

FUATC A A I MQCA Ty 9k £ 202 B 4

MQCA%} 1) — COOH {37 B Bl s it ' o 3l
RIE 1 00 &, MQCA {438 0 1 ik 1k 2 141 701 45 74
(- COOH R ) IR ] REARE T 70 2 B 11 O B ik
5 200 M 8 7 i 6L, 2 T 2 W) A R B3 iy S
Mo PRI, R SRR X TP R 2T 5L,
AL BRI YU TR A G B B S o
1 #MH57I%
L1 A 5008  OLA,MQCA, MEREMR -2 - JRIK
(QCA) , Z Tt W , MR L ALYt (HRP ), AL
HE(HSA) il 20, Hh, 9 B 58 4 4500 70 6 1
Asgafhl, 1 - (3 - “HEFENE) -3 - LAk
T R R (EDC), N - R 3R A It W
(NHS) , g3 A 2230 20wl (dbat) o R A, M
R, E R R R . 2 EWIE, Becton -
Dickingson 2% ®] ([ ). MU B BCOR i, Bl R
(H,80,) , dbatfesaidin 22wl 285 K fMilli - Q
48 (Millipore, MA) 4l 4L & . HEG0E0 7
Braf, R R 240

ELISA 2 i sunrise BEpR{ e, i AR
A3 i Fi -+ BRUKER DRX300MHz 4% filf 3t Pz 4%
SER, B BT SR B HE LC - MS 2020,

L2 (&) MG il
(1) A3 % 22 vh Wi: 0.05 mol/L ) Bk IR #h 2% v WK
(pH9.6) ;(2) PBS ZZ i (pHT.2) : 5 450.0lmol/L
IR — AN — IR N KV (3) PRI
£0.05% (i | 43 % i) ki - 20 /9 PBS g pp
W (4) A A MREE R 1 mg/mL (1) DY YRR R i
VR (SR R B ) 5 (5) AW B: & A
0.2 mol/L #fRE 4 - Fr IR /K1, pHS. 0;
(6) Z1EW -1 mol/L iR BV o

1.3 FHREWH AKX ELEIREREY N T
B FEERIINE 1 FR, BESE AR B MQCA 714§
TEPE LA NS5 #) , [ AT 23 (- NH, ) T F1
B BB 2B PR IR AMQCA

HoN N

X

= OH
N

(¢]

B 1 FHESF AMQCA FHigE

PRI A UL AR 2 R

(1) 650 mg LTk 4R L BRI T 20 mL 7515
KA N = AR T ZWE W AE (NBS) 1. 06 g, F-IA
4 - i EEARR i 750 mg, K . LR T
R, B ZE T34 &9 2. (2) HL 500 mg 1k
HY2 B FIOKCEE 15 mL, A S FE570 mg,
SR 4 ho JITA 20 mL 1mol/L NaOH %, —
FH BRI, SRR EZE T, Bk A 3. (3)
230 mg LA 3 ¥ T HEEFIK (5 mL: 2 mL) (IR
BV A S E AL 120 mg, SN . WK
JEZETAHEEY 4, RIE 1 IR ™4 AMQCA

A3 BICR LG — MS FlAZ filh 341 Jr v FAE i 4%
(IR NG
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1.4 ATHZHRENA R 25 mg AMQCA &
T2 mL K, iMA 2 mL 1 mol/L ERFRIK 1K , SR 5 K
KHNA 20 mg Wi B2 #h A1 200 mg A IfLVE H & H,
1B21, T2 ~8 °C J 120 v/min Z5F MHHER N 2 h,
SRIGAE PBS ZZoh il P BT LIBR R HE 4 51
AMQCA. 414 11 AMQCA - HSA {£ 42 F - 20 °C
=, AR LA 3, ok IS4 AT LR OGS
(UV — vis) X il 5 1Y S BP0 I dE AT 2R AE , LA & 2
AR, IR R PR B B 7 T4 B .

(o)
N
S j@
A N+N—ﬁ%ﬁﬁ

B3 EZERBHRSUAINRERNSEHREE

1.5 E&&HWNHE S5 mg AMQCA T 1 mL
KRG B MA 0.5 mL EDC KW (% 5 mg
EDC) #10. 5 mL NHS /KW (% 3 mg NHS) Jf-ig
), F 4°CHEFE 5 min, il A 1 mL 20 mg/mL HRP %
T OB S AL IR A T PBS 2% ok, 75 5] HRP
VW) T4 °C 120 v/min K 16 h, 154 B
oK g T, 15 B BRI AMQCA — HRP YR
SR H MR RS, -20 °C A& .

1.6 zh 4%z St IR SE g R T 7 ks R L
ST S S AR A R A 45491 (2005 ), LA S B
S AP 2R E PR S EN] (1985) , -4
Hh [ I 24 it WA % T 0 O A R A B A 2 B 23 ()

o I RS AR DR S R e D S )
i,

K3 FUBPY 22 K E- A (b 4 38 ) A 52 55 5
PIHEARA RS w1 AE R S 309, LA % 1) AMQCA
— HSA N Lo A S o 18 UK B e 3L W 4 B
W e -2 mL YRR 2 mg/mL( LAFE VR
) W JFUK SIS 2 mL 58 4 9 A R #L A
T G e A LR BEDLF I EC ) -2 mL MR BN
2 mg/mL( IR ER ) B2 KIS 2 mL
AR RAEFNF AL HIRRER T EL T £
SRS L S A B PR B (SR SR ) i A 1 mg
7 B0) 5 TN Ay SR R TR AL PR A S (i D 1 1) o
H0.5 mg /H) BRI 2 J5, E — R
oA R AR WL, e fa — e e 7 d )5
SR, WCHE LT , B A £ sa ik .
1.7 AMEHEEEHERERBELESHBRN o
IOk B 3 R 2 saEpii, T 28 o il i
FERRE 19 BRI BUATR B . LEREHR AR B AL 53 5]
A 150 Wl EARGUATE B ,37 CHE 2 h, A5
4 CHrE 12 b, FE LU, FHVER TR T 3 Ik,
T BALIMA 250 wL & 5% (Jite @ 40 i) i
M43 PBS ZZniifk ,37 CIRE 1 h, FEALNMT
T, T4, BRCEIRBEARAR , 43 5 O ¥ BE s i ¥
W (BY PBS 2% i) 145 10 ng/mL MQCA fi) PBS
e (50 wWL/fL) , SR )5 B AL 4 3 A 100wl
B B R AR DT R W, IR A I H B 30 min,
FHUE IR R B bR AR 3 YT oK 48401, B
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A 100 L 8 3% 53886 4 15 min, 555 A LN
A 100 WL Z B, FHBERR N E 450 nm 400 SR
(A450 ff) .

T O % J3E Ao o 7 T 1) L 9 IR D' BE (BN By o
A 10 ng/mL MQCA () PBS Z2 i it LY IR
JEME R B By KT 1.5 HAWHIZN 50% L EH
PR o O (B, AR R R B . 4%
ISR M IS 35 105000, PEH 3 H A1
HOR A 0 S B T — 214

(%) = [1-(B/By) ] x 100%

1.8 EEFF RN E B &I 2
T, AL 2% phi A B, 19 2 8 VR B0 0. 2 pg/mL
MR o FERERAR L AT A 150 WL Hr i F B
W37TCHE2 h AR5 4 CHE 12 h, FLEILNR
T, FHUEIRIZE R 3 W T BALIA 250 pL &
5% (it [ 43 & i) AR A4 WY PBS 22 i ,37 °C
WAE 1 h, FERALNBE, T, B A S0 pL
MQCA Hrif it i W (V4399 4:0.,0.3.1.0.3. 0,
10.0.,30.0 wg/L) , XI5 EALANA 100 WL BFRHTI5
(0.1 mg/L) - FEEMF 30 min, FHPEIKIEK
VRSB 3 YOF K40+, BLInA 100 L
TR A 15 min, B J5 AEFLINA 100 pL
20k W, FH OB bR A 450 nmo Kb W% O (E
(A450 1H) .

L9 Ml g %P5 MQCA S5+ FIH)REZS B
(145 B2 MQCA FCil iin Rk Ez:0.0.3.1.0,
3.0.10.0.30.0 wg/L,H'E 5 FhAULPIBCHI LA~
We 0 .10.30,100,300,1000 we/L, FAA IR & 4%
R 3R A 5 A e e AR D 42, 1R B & 259
50% FPHIARE , 5 MQCAS0% 11 it v B2 A 1L, 15—
RIS (CR) FZ AT A0

CR (%) = (ICs yoer/ICs0 50, ) X 100%
110 A B W G| 8 & A SR R E
g 1 0 &I E S A B R (B AR &
MQCAFAE T HE P 3G P XS, 45 20 1) 1 Ay
{8, BFE AT 2 IE O IME . &I
Ao FEIE 2 AR A SR HERR R (0,0.3.1.0.3. 0,
10.0.30.0 wg/L) Hr, 3RA5-25 FF it v 59300 5 18, 42000

FEFRIE NN 3 A5 bR 25 SRR

AN IO CT A RO CT: i 1Ly ey I
FREC2( +0.02) g BB 2 50 mL 2048,
A 8.0 mL &R &R, i HEIR 25 i A 4 mL
1.5 mol/ L3k R /K W5 WL, 1A HETR 5T, FI ¥R % #5 ik %
5 min, 5000 r/min FEEE.C 5 ming B S5 mL _EiER
25— 50 mL BL.OEH A3 mL 33.3% (i A
53 He) NaCl 7K, I ET 27,5000 1/ min 2 3 250
5 min; 4.0 mL {5 E 10 mL T4 3% 35 3045
H,F50 C ~60 CREE I PR g4
HOA 1 mL GE CUGE, W eV iR Tk B, SR
A1 mL KR BER ST, e 432 B 25 BIE AP,
BUR JZ2/KH, K B 2 W A5 R FRL, BN R A AR
VR
L1 R BRI 25 E3E RRE S H 43 00 s
MQCA ffi Ly fE 4 1.0.2.0 4.0 pe/kg, AR E
SNl e5 6 ARES , SR A Fir A By R AT A 2R
J& , F ELISA J5 i A0 .

ANENCR (% ) AR

[l = SEIE/ B I x 100%

2 # 7
2.1 FHEMEE LC-MSEHELRMT,
(ESI, m/z) :204 [M+H] ", ElgEH, 153 m/z [
Sk 204 [ 0 X RPERLER M+ H]

it S PRIERE U 4 ir7,'H NMR (300 MHz,
Chloroform —d) §7.71 (d, J = 9.0 Hz, 1 H), 7.29
(dd, J =9.0, 1.8 Hz, 1H), 6.92 (d, J = 1.8 Hz,
1H), 6.13 (br, 2H), 2.68 (s, 3H), A fb2¢0ifs
1B J T 125 PR A — 2

DA g5 R i 25 O B 1 PR
22 ATHEWEE AMQCA 5K HSA
AT T AL BB . T IR BRI ), 43 5
AMQCA % (a) \HSA 3 (b) DL & AMQCA -
HSA R (¢ ) #EAT 551 (250 ~ 400 nm) G 3% 44,
S RIS AT B ARk, L S
2.3 RA&EBRMK. REE FREFFEME
#E

2.3.1 XA &M TEAST MQCA AU J4
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n I 5
M | ~ 40
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B4 BEZEZRBREYERENZELRSIE
0 t+ t + !
12 0.01 0.1 1 10 100
| e AMOCA MQCA#JE/ (ng - L)
——HSA
0.8 --- AMQCA-HSA 100 -
e
206 B
= 80 -
0.4
B 60 1
0.2 - - S
0 L - i 4 CQO 40 -
250 275 300 325 350 375 400 =
e Ke/nm B e Jy=-3445x+62531
) R2=0.9895 .
B 5 ZSMATIFE (a) AMQCA (b) HSA
0 . ’ . . : ,
(¢) AMQCA -HSA .10 05 00 05 10 15 20
log [MQCA/(ug « L]
JE A XY 20 oS EFEESh I 2 .1 - ) s )

AR HZ ELISA J5 e T FER XS XS E Y
o 43514 0. 42 0. 23 0. 28 .0. 28 pg/kg.
2.3.2 RAEZHE  50% MK E (B 1C, , 15
0 pg/L WOGREMH Y 50% Ab i Xof i 1Y) MQCA ¥ )
AR PR 354 ELISA i85 & 72 8UF (045 4R,
TG A I 5 5 U bR e il 2R 1 1Cs, 7E 1.8 ~
2.1 pg/LIEEZ N, S 3ME N 1. 94 pe/L, A
A M e AbR AL IE & UL 6,

2.3.3 RXAEHFE FERENELSIRINGE 1T
7N, 2 Iz AR & AR R S D E MQCA TijA 32 HE
K.
*1 KFAEHRERRER
HYATER 2E LRIV 5 Po
MQCA 100
QCA 3.6
LT H g <0.1
T i <0.1
FEA <0.1
e 75 TR <0.1

(B) (B RAEE S RNERFHE)

2.3.4 A EAEA A SRR, Xt
P RS B B AR B AT PR . N R R
BORM IS E 6 A PATHE AR 2], fE i A8 7 &
BOZ 3 AN [FIFHE UG &4 A 6 AN SEATRE
RS, WEAR R 2,
3 WiREINE

3.1 4R AMQCA Bk & ARPTJEA, /Ny F
HI T ASRE TS 3 3 ) 7™ AE 28 1o 280 T AN B4 f 3 I
PEo B, AMQCA ANfg B #2 FAAE e e i, 12 77
BSEAREMEE: . KRR PURE AMQCA
5 MQCA 25 #6 FH AL, ME — X 5 78 F 2K 38 b 2
- COOH L Z—1> = NH,, 4 AMQCA {4
PUFEREA LT ILA: (1) S8R B MQCA 43 F Rk
PEILPA g4 (/245 . - COOH %) 5 (2) HAA(EF
FEE A AR AR SEA TR A L A - NH, ; (3) FRAE 1
FEA R4 b e B AR I 7 B, AN 5 52 B B A Rk A
R, T 7043 % 5 10 BB R A7, R e R AR
FRE SR 45
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R2 BABREERENREER

P KR (ug-ks ™) e

1 0.863 0.779 0.783 0.796 0.745 0.757 78.7 5.3

1.0 2 0.844 0.878 0.838 0. 895 0.882 0.918 87.6 3.5 8.4
3 0.773 0.762 0.973 0.961 0.791 0.821 84.7 11.3
1 1.42 1.46 1.73 1.74 1.68 1.63 80.5 8.6

2.0 2 1.740 1.690 1.400 1.470 1.420 1.520 77.0 9.3 9.1
3 1.630 1.700 1.870 1.560 1.650 1.860 85.6 7.4
1 3.52 3.67 3.17 3.11 3.72 3.23 85.1 7.8

4.0 2 2.970 2.840 2.930 3.330 3.120 2.790 74.9 6.7 9.7
3 2.870 2.940 3.470 3.670 2.910 3.110 79.0 10.5

3.2 FHELSEARAENER LI
(El5) 1, AMQCA 7£ 260 nm kb HA 1R K i) Wz ik
W, X T R T T A R 2 45
(-C=C-,-C=0,-C=N-=), HSA 7£ 278 nm
KL AR 43T v o S R R R A R R
XFF AMQCA — HSA BIIE L) - N = N = $2E4510
JERIEE P9 05 2 02 ok, ) B g 45 A L B ik & 3%
P2, FH0340 nm BT WO S0 B B, LA,
MR SCRTRAE 9 77 PR AMQCA il
LI 8 BB EE ol 8+ 1, B 8 A2k 41 JFior T
A1 AN AEA .
3.3 MQCA iRl &ty HhHl&mMItikmET
ELISA 370 & i il , 45 05 Mg 38 R 4 1Cs,
I A i /Y ELISA J5 319 1C,, BEAR 2 ~ 3
0 GO R B E MQCA 4y T
— COOHA & B it e He b I 78 e J il b <7 ) o
hprnl 4 ZH MQCA (1) ELISA J5 ik AH L, A 0
RS A I E MQCA (A DN BR AR T 8 £, 7249
I I MQCA PRI BRFEAIC T 6 £ o BLAR, AT
VRS T N E MQCA B kG I BR L Shen 21 Jy
R 2.4 4%, 9 H 5 HPLC — MS/MS J7 53 7 3%
L MQCA fAG I FRHA AT HedE'

AT R PR MQCA 7 B U8 ( CR
9 100% ) , % QCA F A Wi (CR 4 3.6% ) ,{H
JEXF T s s 2R R B AR M S TR A5 LT TG R
I (CR <0. 1), A 2 MQCA B AN 32 244 (15]
W QCA) T4, ATREMIREA LA F A 55—, &3t
MREPLIRE AMQCA 58 (1 8 B IS , th TR Bk
(B o TR A N 254, /4436 . - COOH
PAK - CHy A% 5 32 308 1 B 2R A B i, 473 78 [l fif

FEFE MR BURFANL; 55 =, NG5 E &, MQCA
QCA f#j — COOH 4B it £ — > - CH,, 5 Hi i 4
MQCA LI QCA JZ B R AH 23 5, Jiang %' 7E
MQCA 431ty — COOH | 432 A [ I ¥ Jis {1 Bk 4 £k
B R RHUIE, 45 Aot B AT s I b B B 455 4
(LRI L, 3t D 3 — T THT D I AR SC
B IR HURZS M BRI B WL IR S, O HLAS
D7 AT 1R Sk I B R 4 PR

AN, R G S A R 1.0.2.0F14.0 pe/ke
MQCA ¥Anv B2 i) B R 5 Bl 70% ~97% 4t
AR ZRCV<I12% MR R CV<12% ., il
A7 LR B AR B e AL R, O LA
BN T AT

A T —FET R MQCA A TR, 2%
IR B SR A B 0 T 0 A e P R 5 O G A
S B TR AR AL , IR B A i B A T
IR 1 BRI ] A A B0, b TR T i % A
JE RS HUR B0 45 0 A R RUEUR IR
TR AR, % T W3, SR I Ak R 22 4, 5
THEE 5 B SRR T T MQCA i) 40 i
A g, dE S T I SR MQCA 5% 5 i
H PR TR . T B R S R
THURE RS B T e VAR 8 G, T[] B i A
FALRE S, A HAE MQCA 5% B R I v 2k 4 7 4
Flo BT, AT B TS/ T2k bt
JEUH A BRSETT S BUAT B B0 SR B vk SR T i
BRI

SE Lk
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