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Abstract: [Objective] This study aims to establish a magnetic bead enzyme-linked immunosorbent assay
(MELISA) method for olaquindox (OLA) based on immunomagnetic beads. [Method] First, olaquindox-hapten
conjugated with horseradish peroxidase (OLA-HS-HRP) and immunomagnetic beads were synthesized. Then, the
conjugated immunomagnetic beads and OLA-HS-HRP were used to screen and optimize the reaction conditions
of MELISA. [Result] The optimal working dilution factors for the immunomagnetic beads and OLA-HS-HRP
were 100 times and 8 000 times, respectively, with the antibody dilution buffer being PBS solution (0.010 mol/L,
pH 7.0) containing methanol at a volume fraction of 5%. Under the optimized conditions, the established standard
equation was y=13.593In x+17.173 (R*=0.994 3), with IC,,, IC,,, ICs,, and ICs, values of 0.59, 1.23, 11.19, and
101.70 ng/mL, respectively. The recovery rate of this method was 93.17%~106.83%, and the coefficient of
variation (CV) was <7%. [Conclusion] The MELISA established in this study is highly sensitive and reliable,

providing a new method for the detection of OLA residues and offering a theoretical basis and reference for the
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detection of other small molecule drugs in food safety.
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i B, 1 B 5T & 09k il 8 6.10.20 ng/g, K H
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i) SDS-PAGE 45 % . & 2. OLA-HS-HRP ] i ¥k
FAHE T HRP B S A R IR, X2 T
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KT 8k HRP [ AH X 0 7 i & . 76 I 1E
T MR TR R BRI L IR R R, H
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Fig. 1 UV spectra of three substances
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Fig.2 SDS-PAGE results of OLA-HS-HRP and HRP
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R EAWR, YPihdnge — e B E G kR
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Fig. 3 Optimized conjugation conditions for magnetic beads and antibodies

B A JE SR Ay B A IR | K, R
1% 2 800 nm [1 ik BRAE A Ja Sk = 8L ) it
24 FITCREBR=MMHTE

KABL OLA-mAD 1) Bk , B {§ 4% FITC 4 4,
TE T IH A WL 4% 5, & B FITC Y et mf A T
4 OLA-mADb L BR & AR B Ty . B 4 w]
H1L,FITCAE 1:200 M B LA T 1) B 9% 1 BR 1 2 6T
BT H 5 5 IR I e K 306 %% FITC B R BE EL 451 12200

Pl Hot

FITC 1:200%% &

FITCHeta A fHEL
OLA-mAbITI Rk

B4 FITCARiL# OLA-mAb-Mag R & & A%
Fig. 4 Optimal staining dosage of FITC-labelled OLA-mAb-Mag
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RWFE 1. T LLEF, B A& W% R 58
OLA-mAb-Mag [ 52 € 1 & W BEAK 7 1 BR 5% e

RERE A, BT UK S BRI 4 A AR R AR AE
725, 0 LG 0 o U VU R R SR A AR 3L B A
45 £ AR BT AR, 2 78 00 B AR T A o &%
SR R 2/€ (G EA ' § S ARV R E AN ST
S B B Yo P R B AR, 2O B SR B O B R E
PERERPY . v £k OLA-mAb-Mag 7E Ji5 22 56 o
BA RUFROR W 58 120 2R 0 5 K e B CH B
EHMMKREO 3K

=1 TEEEXHT OLA-mAb-Mag BI%8 & 1%
Table 1  Stability of OLA-mAb-Mag under different washing times

VeI IR FE /%
3 95.78
5 88.49
7 72.35

26 ®IEHTS OLA-HS-HRP T £ #% % 12 B 10

W E

1 OLA-mAb-Mag # B¢ fi £ [E & W, bl &
OLA-HS-HRP i B¢ £ 20 00 36 0, 4 & W% B 2R
W N LR 2. X & RN B4 OLA-HS-HRP
i B s B 34 0, A7 AR R A 7T 5 OLA-mAb-Mag
R PUAR R SRS S R B R R A kb, B
TR LR, SR REE AW RE
BRI, AT EN LR NBEZW . 4
OLA-HS-HRP # % % #{ [&] 5€ I , i & OLA-mAb-Mag
M R 5 5 10 389 0, WG 3R SR T W] 2 5 R ) 4R 4
B, GRS A AL B 2 kb TR RE 2 B
15 % A MR R 1S IROG FE B M T R 4k,
7E ELISA FH G H A S8, 38 7 LA B #2081 oA S
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100 £i5 F1 8 000 5 B, W )6 B B2 1, [R ML #f 5 1% H
BB A W I B AR B 4.

%2 OLA-mAb-Mag5 OLA-HS-HRP R 1EHBREHAHE
Table 2 Optimization of the optimal dilution factors of OLA-mAb-Mag and OLA-HS-HRP

ok B
OLA-HS-HRP
FF 1 e OLA-mAb-Mag#i#  OLA-mAb-Mag#i#  OLA-mAb-Mag#iB  OLA-mAb-MagHiB  OLA-mAb-Mag Fii Bt
e =]
60 % 80 % 100 f5 120 fi5 140 fi5
4000 3.69+0.05 3.32+0.04 2.07+0.05 1.98+0.04 1.30+0.02
8 000 3.64+0.02 2.61+0.01 1.04+0.02 0.85+0.05 0.82+0.03
16 000 3.59+0.03 1.92+0.02 0.70+0.01 0.45+0.03 0.42+0.05
32000 3.52+0.02 1.14+0.06 0.28+0.03 0.27+0.05 0.22+0.02

RERAHBRENRNHE

AN TR G AR B LA 5, OL A | 2R &5 1 AL ]
5. H:H10.200.0.010 mol/L ] PBS 22 i ¥ B B A i
1) ICso M8 $3 HASIC , 32 B 72 0 25 140 N oA e i
A e PRGN R RO o B v R R R VR T A DU
OLA %5 H AR 5t i, A 75 S8 Jo 2 94 B2 3 e A i Ak
S0 25 A R 52 B 50% ], 33X 0 SRR A T
e B AR A R, BE e RS v 5% ST Rk B
B ) 284X 51 R 1 S ) AR 4K, SR I 3 B A
TOBLE . TR, B HEE M AT I 1C (A2 fR B
ARG WU 7EE A P D DR, T AT A0 G AN (R R B B
AR [R) R 1Co 1 0 31138 A I 58 3% 22, DR X H AR 4
JR R AT AR K. R 3 AT LLA 1, 0.200
mol/L PB'S % I i i B (1 2% P 1] 05 5 72 At e 3 K
X R OLA TSR B Il e o [ AR 48 . /bR
FAE J B AF 5 5 o 400 1] 571 o 22 9 B ) AR A 2R
ARF B B, i R O R B A A BB, RS S

2.7

100 -

—#-(0.005 mol/L

80

OLA N Z/%

0 i L1 1 1 1 1 1
3 2 -1 0 1 2 34 5 6 7

OLAJF #7 J5 6f £ ffi/Ig (ng/mL)
(a) PBSZEIMIRZ AL

B 5

58 5 AR 2 S R A A A AR AR/ 1 B R R AR AL X
6] P9, 15 5 5 B 22 6 5 ol S A W 3 388 7 A% B L 6
V% T R A DU R R O A B P A )
JE 4 7 0T TR R ARSI (1 28 1 Y L s I 2, AR R
BA] DA 5 ks D9 TR A 2 AR W 40 9 S A
7 Joit 2 YA 55 40 ) 750 1) PR A5 5 22 S o DA A1), 56 1 5
BN E. %48 %E,0.010 mol/L pH 7.4 1
PBS £& Ml ¥ R I L . 0.050 mol/L pH 8.8
Tris-HCIZ2 MR 50T HAm 281 5, 1C, (B 8K Hh
LHR R BB EE, WE S ME 4. HH K
I 50.010 mol/L PBS ZZ i ¥l ) IC o fH \ICs0 fH ICy 1H
B F 0.050 mol/L 1 Tris-HCI1Z& M . pH 7.0 )
PB'S 2% 131 1 TC (L 1C 5o B IC o fELARK T HoAth 4, WL
6 fZ 5, XFEWIH 0.010 mol/L pH 7.0 ff] PBS 2%
MR R PO, LRI R BUE s . 48 BNk,
It i 22 1% #% 0.010 mol/L pH 7.0 ] PBS 2% 7K
VERPUIA IR RE G2 11 -

100 -

OLAJH /%

0*3 2 -1 0 12 34 5 6 7

OLAJG &R £ X1 #fH /1g (ng/mL)
(b) Tris-HCIZE MRk FEARAL

B ARG iR T 69 OLA 47 41 2

Fig. 5 OLA inhibition curves in different buffer solutions
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#3 TEIRE PBSEHGHRIIAA MELISA 45 R
Table 3 MELISA results for antibodies diluted with PBS solutions at different concentrations

PBS Z& i J /Cmol /LD 25 AR R? [Cyff/(ng/mL)  ICsffi/(ng/mL)  ICg{fH/(ng/mL)
0.200 y=16.175In x+9.224 7 0.993 7 1.95 12.44 79.49
0.100 y=13.8131n x+9.900 4 0.993 7 2.08 18.23 159.96
0.050 y=12.534In x+9.994 7 0.991 7 2.22 24.33 266.46
0.020 »=13.385In x+9.742 8 0.995 6 2.15 20.24 190.37
0.010 y=15.554In x+9.991 0 0.993 7 1.90 13.10 90.11
0.005 y=11.2661n x+9.804 9 0.996 1 2.47 35.44 508.11

F4 ARENRE Tris-HCLE AR #H B A A MELISA 45 R
Table 4 MELISA results for antibodies diluted with Tris-HC]1 solutions at different concentrations

Tris-HCLZ8 MK FE /(mol/L) 2 2 R? 1C, {i/(ng/mL) IC4, i /(ng/mL) 1Cy fH/(ng/mL)
0.200 y=13.8491n x+9.975 6 0.993 9 2.06 17.99 157.00
0.100 y=13.367In x+9.890 5 0.995 7 2.13 20.10 189.61
0.050 3=14.542In x+9.611 9 0.9973 2.04 16.08 126.51
0.020 y=13.6411n x+9.790 2 0.994 6 2.11 19.06 171.84
0.010 y=11.833In x+9.987 4 0.993 5 2.33 29.41 371.19
0.005 y=11.877In x+9.733 5 0.996 7 237 29.67 370.99
100 - =69 2.8 BECHl OLAMRER BRI BHLIBFIFAE
=70 T4 5 5% B P 4L 1C 0 8 A 1, L 7 1 25
R [ 9 77 PR ) 36 B 08 B LI 7O I 6. L
g ol 4350 20% 10 215 417 26 B HH BIR 1 1C, 1, At 3
E WA AR ER, W 7O FE 7, W ik 24
3 L R S I 2L R B AR A ) L 5% H FE 4
R 8020% 1) O B LR 7 R R B,
gl L 4 1 1+ 1C 8 IC, 18 916 T 45055 4 20%
= o L 40 33 ) FA R4 B 5% I 4L P 3 f
OLAJF k4 Fi ot ¥ f/1g (ng/mL) R, X Re S FEEMNR MR E R M
B 6 7 pH T4 OLAH# h & REPERT . DAL L3 B AR50 B 5% 1 R AR o A
Fig. 6 OLA inhibition curves under different pH values il OLA F 1 VA W A HILVA
*5 7 [FE pHH PBS#LF#HFERAY MELISA 85 R
Table 5 MELISA results of antibodies diluted with PBS solutions at different pH values
pH T R’ IC,, i /(ng/mL)  IC,,f8/(ng/mL) 1Cy 8 /(ng/mL)
6.0 y=12.318In x+8.267 1 0.990 3 2.41 22.96 218.36
6.5 »=12.4891n x+9.632 0 0.990 0 2.29 25.34 279.89
7.0 y=15.337In x+8.828 0 0.996 9 2.07 14.65 103.60
75 y=12.545In x+9.197 9 0.994 8 2.37 2585 282.55
8.0 y=11.5511n x+9.968 3 0.990 2 2.38 32.00 429.59
2.9 fREERMZLLER J911.19 ng/mL. 540 )5 A4 A0 44 £ 95 1) ELISA

e I bR B A0 4% R @ 52 MELISA, J 2 VR [Bl A EL L % WF 78 282 57 1) MELISA 6 I PR 5 A, R 5%
9 75 F2 9 y=13.593In x+17.173 (R*=0.994 3), I, B s KON AV IR 28 0.46~2.72, 1 8] i% MELISA
8. Wit B AR HIC,MHN0.59 ng/mL,IC 1 J7ik B A B ek,
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B7 R ABEF T 49 OLA ] i 2%
Fig. 7 OLA inhibition curves under different organic solvents
Fo6 ARAFRSHEREZAH] OLA FR/MER KA MELISA 25 R
Table 6 MELISA results of OLA standard solutions prepared with different volume fractions of methanol
B AR R0 B0/ % 21T R’ IC,o i /(ng/mL)  ICyfE/(ng/mL) ICy {8 /(ng/mL)
5 y=14.992In x+9.935 3 0.992 2 1.96 14.47 107.07
10 y=14.627In x+9.710 6 0.9959 2.02 15.71 122.18
20 y=12.0931n x+9.381 4 0.991 8 2.41 28.76 343.65
40 y=12.25In x+6.981 7 0.996 4 2.89 33.51 387.87
£7 FRAERS BB HI OLAFRHER R A MELISA 5 R
Table 7 MELISA results of OLA standard solutions prepared with different volume fractions of acetonitrile
LIERRG B/ % 25 1y e R’ IC,o f/(ng/mL)  ICs,fE/(ng/mL) ICq {5 /(ng/mL)
5 y=13.185In x+9.006 2 0.994 3 2.30 22.40 217.99
10 y=14.313In x+8.615 1 0.991 8 2.22 18.02 146.56
20 y=15.031n x+9.383 9 0.990 3 2.03 1491 109.77
40 y=11.9421n x+9.926 2 0991 1 2.32 28.67 353.49
100 1=13.593In x+17.173 R*=0.994 3 MR CRERCREAME R 2 B R X
" 2 oy = —
% SN I A, T AE AR [R] 2% A R 0 H AR (OLAD
(4 3R 2 85 . X R B OLA-mAb 5 H 45 14 2 8l
X
5 60F Y TCATA 28 X I B % Bt A B A AR 5 B R R
HB
% P 5 BE 8 15 2 A6 I 75 3K .
4 40
o
®8 OLARELZHWAEMYNRTNKKE
20 o Table 8 Cross-reactivity rates of OLA with its structural
" analogues
0 1 1 1 1 1 1 1
-3 2 -1 0 1 2 3 4 S g NE)
OLAJ Bk i 4 K i/l (ng/ml) wEw 1C5, i /(ng/mL) G ANE I
B 8 MELISA M & 6 OLA 47 #) th & OLA 9 100-00
Fig. 8 OLA inhibition curve measured by MELISA HER >4 000.00 <0.28
EAS S >4 000.00 <0.28
2,10 #HEMER HEE >4 000.00 <0.28
i F§ MELISA Il '8 OLA A H: 45 #) 25 L ¥ 11 F >4 000.00 <028
P E Y 7 >4 000.00 <0.28

XN, WK 8. Al LAFE H, B EER N H &
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2.11 OLARMEY RN LR

K | MELISA 5t 4 K o (1) OLA 3 47 45 I , 25
RWFE9. ZiERILE R R8O , B 45 R
BAE,CVIIE 6% LR MKCVRMEZ XREL
or I AR o, BT A5 25 I B O FE AR D R D
PERLUT o % it 3 K T R U I [l i 2R 5, 45 R
F 10, EARERINBEIRE T, CV &, X ] it 2
H T A 5T B K B R A R A T P8 BT B AE W I K
%5 95 B B U EE A 93.17%~106.83% , H CV
INTF 7% o B SR e AR M 7 v H AR 5 [
W fie 77, F 3T 100% I 5] W 26 158 B 9% 05 5 g AN R
I3 5T 2% I B AR A Hp A v A M A 3R OLA, B &%
RIFM PP EE S X B kK HEAT # O% 1] i %
WA, &R E 11, BT HRAK R A7 3 —,
EHE BT CV L 6% LA N, X & k& L2
B A W3 A S5 22 2 A R I, B B kK Hh AT g
FAE TR OLA , iZ T ik B R 45— 8O R 4 1Y)
Kl 45 . 28 B, MELISA B R 8 & & ke
RGO NN Bl NI SRt = N o3
7853 i A% T AR A R RE AR KRR AR E B
AL .

#9 MELISA SR b OLA 0 B 2 46 I 45 R

Table 9 Spiked recovery rate of OLA in feed determined by

MELISA
f;/”f’fi) o B8/ ng/e) 4 2% 1% V%
5 5.67+£0.29 94.93~105.07 5.07
10 9.29+0.21 97.69~102.31 2.31
20 20.22+0.58 97.14~102.86 2.86
50 50.63+2.08 95.88~104.12 4.12
100 101.37+2.88 97.16~102.84 2.84

710 MELISA 33 3tiiE7k ot OLA 7% fin [E1 45 3 46 0 45 3R
Table 10 Spiked recovery rate of OLA in pond water
determined by MELISA

WJ(T;??:E/ KA /(ng/mL) /% CV/%
5 5.11+0.35 93.17~106.83 6.83

10 10.52+0.57 94.63~105.37 537

20 20.50+1.20 94.15~105.50 5.85

50 49.68+0.59 98.82~101.18 1.18

100 102.25+1.12 98.91~101.09 1.09

B304 H1 2025 F 7 A | ERE5EYEARFER

R 11 MELISA X B3R7k & OLA 7NN El L 46 45 R
Table 11  Spiked recovery rate of OLA in tap water determined
by MELISA

"m(” fjﬁﬁ/ R/ gmL  FUCES CV%
5 5.13+0.19 96.19~103.81 3.81

10 9.754+0.58 94.34~105.66 5.66

20 21.05+0.58 97.22~102.78 2.78

50 50.92+1.57 96.85~103.15 3.15

100 103.54+2.08 97.92~102.08 2.08

2.12 HPLCIEZE

HPLC i 5& OLA (1) br v it 42 WL & 9, 4 P [5] 19
J7 BN y=47 926x+2 299.6(R*=0.999 7) , R*#£iT 1,
R ZARHE M LR R R LT

5x10°
4x10°
_3x10° |
=
g
= 2x10° |
1x10° /-
0 ./. 1 1 1 1 1
20 40 60 80 100

OLAJF 7K i /(ug/mL)
B 9 HPLC M T 45 i &
Fig. 9 Standard curve determined by HPLC

K Fl HPLC F1 MELISA 43 3] X 1 R B o 1)
OLA #EAT AL , &5 5 W38 12~13. HPLC & & )
OLA [A U % N 97.66%~102.34% , CV A , 14 BH %
J5 K W 45 S A8 52 W] FE . MELISA W 52 /) OLA [A]

12 HPLCIEMERBH OLARME W RE R
Table 12 Spiked recovery of OLA in feed determined by HPLC

IR K/ Cpglg) KA /(ug/g) [ 2R /% CV/%

6 5.08+0.12 97.66~102.34 2.34
10 10.15+0.21 97.85~102.14 2.14
20 20.36+0.35 98.29~101.71 1.71

B N 96.99%~103.01%, HFr 5 CV ¥ /N T 4%,
X W% B 90 & 57 1 MELISA 6 Wl 45 5 7] 52 , g %
RN OLA 11930 3 P 46 I 75 3R .
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# 13 MELISA U ZE A OLARMEIU FELER
Table 13 Spiked recovery of OLA in feed determined by MELISA

RN E > B/ (ng/g) KB/ (ng/g) EEENA CV/%
6 5.59+0.15 97.27~102.73 2.73
10 10.02+0.11 98.85~101.15 1.15
20 19.1740.58  96.99~103.01 3.01
s
3 5B

VAT TR ST T — i DA S 5 T Bk D L AH # A 1)
MELISA. & R LA JE 453 2 89 4 1% 1] 3 75 2 8 y=
13.593In x+17.173 (R*=0.994 3) , IC,, 1 N 0.59
ng/mL,1Cs,fH A 11.19 ng/mL. 53 A ik,
1% 77 V5 1) 1C o 15 A1 1C o 18 SEAIK , R B0 38 vy s AH X
b #E AR 228 0.46~2.72, R H f e Y R &F . 10t
JC % 5L [ MELISA 51 48 () ELISA 3 Mt , B
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