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Preparation of OTC complete antigen and establishment
of ELISA detection method
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Abstract: To prepare complete antigen of oxytetracycline (OTC)

and obtain mouse polyclonal antiserum with good immunological
characteristics and establish immunological detection method of
OTC. In this study, carboxyl groups were introduced into OTC
molecules by diazotization, and then complete antigens were pre-
pared by coupling with carrier proteins using an improved carbo-
diimine method. The coupling effect of complete antigen was
identified by IR, UV and SDS-PAGE. Then the BLAB/c mice
were immunized with complete antigens to obtain antiserum
(pAb) and identify the antiserum immunological characteristics.
After optimizing the reaction conditions of ELISA, indirect com-
petitive ELISA method of OTC was established. The results
and the

12 800,

showed that complete antigen has good coupling effect,
titer of antiserum of all four mouse were higher than 1 :
indicating that the serum of all four mouse had inhibitory effect.
The antiserum produced by mouse number 2 was the best. The
sensitivity (ICs0) of the indirect competitive ELISA to assay
OTC was 32.92 ng/mL, and the limit of detection (LOD) was
1.3 ng/mL. The addition recovery rate of milk samples was be-
tween 84.70% ~87.45%. The cross-reaction rates with Chlortet-
racycline and Tetracyclines were 5.27% and 4.10% respectively,
and the cross-reaction rates with other competitors were less than
0. 4%. This study successfully synthesized OTC complete
antigens and prepared OTC antiserum with good immunological
properties, and initially established immunological detection
method of it.
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+ % & (Oxytetracycline, OTO) J& T MU R 2K P R
g —F b g e 1 i RT . m TR )
BUva Pk, BN M AR DR 2 T8 & 2% Al gk e R R
9o (WA T - 30 T 5 0 7E 3 ) ) ek SO e T B T
FAKABEBEHG Y, Bl TEHFRMESER PR,
REFE MBI REGER, A YRR
AR BR 5% o sk ik gk B 0 A 2K f B R AR R T
i [ R ML 235 5 W < 2R R L P D R R
FeHu A R e AR B BN 100 g/ g, BEE L E L 2R
43 IR BB 600,300,200 /g

OH 0 OH 0

CH,
B1 OTCaF4&#HX

Figure 1 Molecular structure formula of OTC

H BT 785 S80BAH 35 vk UM 83— % ik A5 R
IRAETEALER BY 5 B 1 S A IR R B 4% JRY B B i R
EARER AP IH AT M E 2R BB % W B R
I (Enzyme-linked immunosorbent assay, ELISA) | %y 2
#rif 4E (Immunochromatographic assay. ICA) &5 f J4 2% 1l
RS W 7 v A 4 AT B R R RE B R R R A
SRR R R A WA A BEMRBRT .
%27 W MRS R T A B D R AT R ORI R
BRI F R/, TR R 07 5 8 A BH % 50
LHUR A RE R o B T AR bR, BT, X T
OTC 58 AU IF Y il #5 oA > L (10 3R 45 2 90 i i 1Y
PO FRE S AR AR R . R PR A Ak —
Wk G M OTC sE2ht 5, #4634 OTC 24017
LA Ja k) 4 O'TC SR 5 [ 47T 14 B g 7 60 8 2 PRl
Wit s,

1 #RLS 5%
1.1 # 5
L1157

FEHZEOTO &/ ECTO) UK E(TO) WLy
B (SARA) FR N &8 (CA) S5 hR i b - 4l =99 %6, [
Sigma A H]

1-(3-H & e 36)-3-& B ik — W i (EDC) | N-J2 5
EHIWE W (NHS) %t 2 5625 R < 40 B 9826, I Vg Bl it
THEACRHE B A B A 5

3 IR FE A4 7] (FCA) | 3f [CR 58 44 7 (FIA) | 4= i
HHEF (BSA) XU 75 8 1 (OVA) 4l iF >99%, % [
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SFALH EACED B TR BN B R A BN S A AT AL [ 2y
B WA =R A R A
L1.2 A58

B K. ME204E W, Mg ) 4C F) 2 (XA A FR
YNEIH

2 h—n] W4y ok ¢ B iF. UV-5100H B, € [
Thermo Fisher /A A ;

HL B DY Y-6C T8, K i R 5 B4

BE I I8 4% 12 ChemiDoc™ XRS™ %1, 25 [{ Bio-Rad

/A\#

&l

857 AR 3 21 A0 S 1% 4 : Nicolet™ iS™ 5 R, A A%
HAH .
1.1.3 X5 sh

BALB/c /N :6 Ji % SPF 9%, ¥ ma U115 5 50 2 1 %
HAHBRAFA,
1.2 A&
L2.1 OTC P4l & 5 %xE  OTC R Hi & B &
EWLE 2, 208 Flecker %M iy H ALk, BARERAE 4R
N ARI 4.3 mg MEFEKFRET 4 CHA M 2 mL
0.2 mol/L [#f #h B2 ¥ W b, PRI 4.0 mg NaNO, & F
1 mL 4 °C ¥ 19 3 K G G218 T i 30 0 205628 IR v
di,4 CHRESER N 1 h, FREC10 mg OTC%TF 2 mL 4 °C
94 4 D B0 1 41 28 vh R CpHL 8.5) % 1 iR I N V22 1
INENZ AW .4 CHROLHEHE 2 b, K 2R,
6 mol/L [y #h MR W H pH £ 1.5 LT, = il # &
10 min, P* 4 PLIE .5 000 r/min B .0 3 min, 25§ F#, M
4 C T AR K BE 4 3, BLAS VR VR T8 5 IO 40 B i 3k
(FEAR Ak =k i
1.2.2 OTCEAH A B R M RN I7 %G %%
J& OTC-BSA F 8¢ )5 OTC-OVA, H 4 gk (L) OTC-
BSA 6D WL 3, EARHRAELIR N BRI OTC 2f i 7
5 mg AT 1 mL PBS H1, /1A 1.8 mg NHS.4 °C # %
BL 2 h, FREX 6.5 mg BSA ¥ F 2 mL PBS J5 9% n 2 I
R R RIE A 3 mg EDC,4 ‘CyeidE 24 h, &
JETE 4 C4& 1T PBS it #£E M 3 d, 8.0 £ BR UL i A5
OTC SE &,
1.2.3  OTC ELhi i % E

(1) AN % ¢ . A PBS Bt il 5 58 2 90 7 i e
BE— 3 BSA A OTC b & % 80 A % 40—l W4y
S BE 143 B 47 1 HEE 220~ 350 nm {1 0% 05 6 B, 5 5t
it B 5 T T 0 5 1F R 50 0 S D £ B0k i SR

(2) L8N %2 o OTC 58 2B s Il 1 2 % T
T4 % OTC 524405 . BSA Hil OTC #4720 53 3% . LA
R B B AR bR L 35 5 %l DAk b, A5 3 20 A A R
H AT H
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Figure 2 The synthetic route of OTC hapten
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(3) SDS-PAGE % 7 : Z MUk [ 15115 12 % ) 43
BB 5 00 BV 45 e, vl R 43 R 60,90 VL B IA
iR 20 pL (3% OTC-BSA 5 pg) 115 Dl s 15 e i 4 6
6 h, TR B0 6 h 3l A I R AR R G AR X L
BSA 5 OTC-BSA Hiyk 44 1 5 2% 5 ] i R BE AR .
1.2.4 ()T(Izﬁﬁrrniﬁﬂﬁfﬁﬂ%%%% P4 H 6 R
BALB/c /N, Lk 30 4g/200 pwL/ R = E 5L T £ 5
A H e 4 K BRRE R 3 ﬁu\ﬁamﬂ OTC-BSA 5
Skt FCAIRAE R 3 WO R e % OTC-BSA 5% &
FIA R A, ®IE5SHUE 10 d W B EUm . k13 OTC £ 4t
17

(1) OTC Z Ht il 5 2 W %« R A [ 2 ELISA
EET, H CBS ¥ OTC-OVA B I bk T 96 fLERHK 2
bR ,37 ‘CHEH 2 h,PBST e 5 & P, 37 CIF &
1 ho [ BB ST 9 B 2R 20 AR b i A L R RE I 4T
.37 CHEE 15 min, JeAE A L3 REEbs — 910,37 C
WFE 30 min, PEAR S5 INA B AWK 10 min 52 1E & 63
B OD y50 wa {2 OD i50 /25 FAFL OD 50 0 =2.1 1, H) 7E
B .

(2) OTC Z $i i & &k Pk % . % 3% 58 4
ELISA 351 1) B A0 9 B R 0 2R 2K 208 AR i A 2t
T E T OD s o 169 1.0 25 45 1 1L 35 i 6 VAN LA 6 132
WEEE I OTC b i V85 V8 FL At 25 B8 [R] 2550 00 8 45 40 O 1

OTC-BSA 4 A% 4 B
Figure 3 The synthetic route of immunogen OTC-BSA

WA ZR L LB/ B PSR (B S OTC A [ ¥k &
1 OD 50 am Tl » Bo g OTC ZHRE K OD 450 4w ) » OTC
JE 05 B g Ak A A 22 T 4 o £ S B0 R el O L O
DL 0 il vk B2 (TCs0 ) B3P 5 240 i 1 B0
1.2.5 OTC ELISA ¥l J7 ¥ 69 & 57

(D WE AW E M TERE % OTC-OVA
Ay WA FE 500,1 000,2 000,4 000,8 000 4% $E4T B4k , ]
Bz ELISA I E & 090 M B T DU s, 28 B 41 I 7 o
OD 50 oo {H 1.0 Z2 A5 XoF Ji7 1) 7 B 2 15 R 2 B0 10098 T4 e
BE LR A A 42 38 4 ELISA W8 £ Wk BT I1Cs, , 5
IC o S AR — 2T b 7 1 4 T JE Sy e £ 0 Mok e B, %) i
1Y 25 1ML 375 4 T 32 R Joe Ak AR MR

(2) F7 bR 28 0 A R R BE 1 OTC A b 18 TR
HAR 4% O 6 e I B L AR MR8 L g 7 Al 4555 4 ELISA 7
. BLB/Bo KT L OTC v B X B o B A 475 22
B o T 28

(3) KLl BR (LOD) : BUA % OTC g i 1 25 AR
W A S 4 ELISA Fk\EE W E 10 K, i1 5
10 Y OD 50 o fE B 34948 (XD DL K AR 22 (SD) L 8RR 3
B X —2SD ¥ BT A AR bR o il 28 4 1 [l 09 O L 3 2R
HE A v R S RIDOA A T BR

(4) 5 b i A 3L 3 i A 5 R b, 8 000 r/min B0
10 min, Bk & FZNRNT .4 CRER.
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(5) [N 5 < 4 OTC A U b i AHT 8 24 475 4
R BE 4350 10,50, 100 ng/mL B i Aw A i #E 4T
HIAL ¥R 5 % A AV BE TR E I 4 W AR BT A ST T
i o Y £ A5 00 5 1 I S L R

(6) ¢ 5Pk % & . ¥ $8 CTC, TC,SARA,CA,BSA,
OVA 15K 354 4y, R BT @57 1 1) 32 32 4 ELISA 353
ER AN ZH MG ICs . UL OTC 1y IC;, 5% %
I 1Cs0 1A 43 B AR 2 38 R 26, 28 SN 28 8 AIG
D) S A AR
1.3 HiEaE

Xof J A5 B A Excel 2003 BEAT 4b 34 (AL 45 [0] 5
MITERTE R R ORI S R R W Sl e A S W]
ChemDraw Pro 18.0 #4744 .

2 8RS0
2.1 OTC $HELE

OTC 5 FH# &7 — A Bk e 38 70— A 16 % B 42
o FORTTH R I R R T G R R R 0 e
T AR K A 30 3 6 )R SR Ak O ik L
FER AN BT R L i = N R i =l T L
e I I8G  E  55 A T s A ) S 1 I I RS g B
6] s 4% 5 A 4 F 2Z I I IR DT 5% 0 /N 4 -0 A ok 7
4 30 43 T R L 0 IR R G B ORI B L OTC 4y
T TR T R kB R B, SR A E A AL A
OTC W90, 2R J5 SR F 404 1 3 (IR ik 4 OTC 2 $i
JREAT % . B 45 3B OTC gk )i OTC 2040k
WELBGEE OTC BT & A OTC W g A b2 FL Al 4 18
1682.36 cm ' b B R R AR R I L FE 2 360.46 cm !
Aab H A S R AIE W S0 L UE B OTC TR AL 2 5] AR
HEMA.

2.2 OTCEEMELTE

2.2.1 BAMEH OTC R 4u e i 56 UG - R F B0k ik
T A S B AR L A e e B R
SAMAHE (UV) 3 X5 58 2 5 )7 #4788 . OTC-BSA,
BSA.OTC Wy 4N E AN E 6 fF R, BSA 16 278 nm 4b
B R A R Wi W T OTC- BSA R W WOt 15 AH L BSA K
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Figure 4 The infrared spectrogram of OTC
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Figure 5 The infrared spectrogram of OTC modification
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Figure 6 UV scanning spectrum of OTC-BSA,
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AT AR AR RRAE R S 1) ZE RS IR R 5 BSA fie R IR IR
W & W1 B OTC il BSA % AE{REL,

2.2.2 LIAMETE R AILOAMNE I 5 PR S T —
% LB 7.8 43 Bk BSA Fl OTC-BSA ZL4M i A . &
W 5E 4P OTC-BSA 7£ 1 652.51 em ™" b Y BL AR 14 I
H & B R () R AE I L 7 858.05,950.04,1 073.54,1 162.24,
1392.30 cm™ 'ib, LW R A OTC FRfEIE . 45Kt — 4
F W 58 PR MIBOSCR R AF .

2.2.3 SDSPAGE %5 [ 9 h5 4 ¥ OTC-BSA
1) SDS-PAGE % %2 45 ., OTC-BSA Hi ¥k £ 4f 3 B W] i
R M % HT 5% 3 38 T BSAL YL OTC-BSA 4> T
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Figure 7 The infrared spectrogram of BSA
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Figure 8
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Figure 9 SDS-PAGE identification results of OTC-BSA

2.3 SHMELE

2.3.1 HMME £ 1N OTC ZHL M R I E 25287
4 R /N 2P IME RN Bk B 10 12 800, 13 B # 1k
F) B0 52 I B A B HF Y SR BERIUR

2.3.2 fURMES e & 2 OTC Z 40 M A 4 55 4
ELISA Ml E 45 8 /T LB B OTC XF 4 H/NR 240 i 1
L B A L Herh o 2 5 /0 B 3 0 A0SR B
il i 2 A&l 10 Ji7R L ICs, 2 40.44 ng/mL, i B £ B I I
HURE R AT

F1 OTCHZHRMBBNMEL R

Table 1 The titers of OTC antiserum (n=3)
Zhifigfg 150 250 35K 45/

200 2.243 1.809 2.652 2.572
400 2.106 1.562 2.364 2.243
800 1.648 1.025 1.963 1.765
1 600 1.134 0.863 1.304 1.234
3 200 0.726 0.624 0.827 0.975
6 400 0.441 0.392 0.632 0.543
12 800 0.364 0.243 0.415 0.320
25 600 0.225 0.125 0.315 0.214
= H 0.085 0.074 0.093 0.082

EeHE .1 BEERLNEMNHER ELISA RN AR/ EL

2 OTCzHmMmFEERS ELISAMESER
Table 2 Indirect competitive ELISA of OTC

antiserum (n=3)

OTC Fr i e i/

1EAR 28R 3 EAR 4 B4R
(ng* mL™1)
500.000 0.324 0.321 0.278 0.302
250.000 0.385 0.342 0.980 0.324
125.000 0.426 0.370 0.384 0.379
62.500 0.594 0.412 0.403 0.458
31.250 0.698 0.479 0.445 0.536
15.625 0.746 0.536 0.512 0.578
7.813 0.786 0.652 0.568 0.612
3.906 0.799 0.812 0.632 0.696
1.953 0.853 0.871 0.871 0.786
0.000 0.870 1.012 0.896 0.876
=H 0.078 0.056 0.056 0.065
1.01
09F o
= 08f
= 07f y=-0.234 5x+0.876 8
M :F::/ 0.6F R*=0.92
= E o5t
= £ 0.4r
Z 03} .
< 0.2}
= o1t
00 L L L L L J
0.0 0.5 1.0 1.5 2.0 2.5 3.0
OTC ¥ J& %o B {E

Logarithm of OTC concentration
B 10 2508 %4 F37h v &
Figure 10 The inhibitive curve of No.2 mouse

antiserum

2.4 OTC ELISA #& N xR 1

2.4.1 mAREGHEMTAERENHE £ 3K OTC
OVA RRIMEHWET 2 5 /NRZ B iE 5 m 45 8. & 11
9 OTC-OVA R8T HiiR iy 1Cs, .l 3% 3 I &
GERERE AR AP BN iR AR 0 e 1
2000,1:2000,1:1000,1:1000,1: 100,37 FH a4
T4 ELISA Il 8 OTC-OVA A [\ 43 9 ok B2 F Bt & 1y
ICs A& 11 frs YA iy 10 1 000 555 B, 0Kk
112000 F5 R REmS , H TCs0 Ik, BURE B b o

2.4.2 PR m Sy AR O 0 0 d AR AL B B R
Uk TAEMR B, 57 8] B2 3% 4 ELISA A I 7 1 91 25 il
AEM LR, WA 12 Pros . R B A T RIE ICs A
32.92 ng/mlL.,

2.4.3 KRR A H Sy 0 A)HE SE 4 ELISA 7k
AR FATIE 10 R OD 450 am 43 51 24 0.968,1.003,
0.986,1.015,1.101,0.987,0.993,1.031,0.976,1.003, -3
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Table 3 The result of titer in different coating Table 4 The results of recovery rate determination
concentration OTCHMtE/  FHWEM/ FHEKR ERRH/
EiRENTE £ B 7T JE A R A A (ng+mL™1) (ng - mL™") % %
5% 500 1000 2000 4000 8 000 10 8.540 85.40 9.3
200 2.836 2.230 1.765 1.425 0.625 50 42.364 84.70 11.5
400 2.146 1.763 1.489 1.326 0.563 100 87.450 87.45 9.4
800 1.798 1.652 1.358 1.281 0.423
1600 1536  1.132  1.105  0.962 0.323 ®5 OTCERMESESYNEIXRK
3 200 0.865 0.762 0.632 0.526 0.213 Table 5 The cross-reactivity of OTC antiserum with
6 400 0.541 0.324 0.211 0.102 0.098 other compounds
12 800 0.312 0.263 0.124 0.087 0.032 55 G 4y ICso/(ng » mL™Y) X JGRi%/%
% 0.065  0.089  0.075  0.067 0.082 CTC 625.20 527
TC 805.40 4.10
- 631 CA =>1.00X10* <20.40
£ % SARA >1.00% 10 <0.40
=HE_ s3t
¥ EL g BSA >1.00X 10" <<0.40
=50 .l OVA >1.00X10" <0.40
5 =Ty}
HEE
S
£ 3 4.10 %% » 55 HoAty 5 5 138 SURRE 38 <20.4 06 15 W T 2 37 119
28 2000 4000 6000 8000 ELISA J5ik 5 CTC.TC f77E 305 3¢ L {5 5 HAl 5
1 000 3000 5000 7 000 9 000 .
VY , A 3 2L , H. 25 i ?; ¥
e 2SR 18 A SR B R 4 S
The dilution ratio of envelope antigen AT
o . y 3 Hilk
A 11 AR &R E Pt B ey 4tk 1Cs
A S = AL — o Th A ~
Figure 11 The IC;, of different coating concentration B IR AR A 2 R R B i OTC g
SEAHUI B A /N BP0 Vs B R Y BUR M T
(l)g B Al 025 #5r OTC A H238 4 ELISA £l 7 5, IC,
=08 %9 32.92 ng/mL,LOD % 1.3 ng/mL, 4= B¢ i i ¥ 1 6]
3 07 . NN T B s .
% g 06 y=-0.298 52+0.953 AL 84,7090 ~87.45% , 5 CTC, TC 1 38 LRI % 43
—= B L R?=0.992 6 o
Esoal 500 6.46 % ,5.01% . 55 L Al 35 4 49 58 S I < 0.4% .
% g; A ROF py R s3OR) vl oy 4 OTC 5k B8 it — @ 1y 4%
= 01 AR,
0.0 . . . . L |
0.0 0.5 1.0 1.5 2.0 2.5 3.0
OTC ¥R J4 %F K fi ;
Logarithm of OTC concentration S
B 12 OTC 4% % ELISA %0l X A & 4 o & (1] FH, HAER, &k, 55 4 FhUIR R 28004 R w55 s 2
PR )], oA Z 70, 2018, 43(10); 1 211-1 216.
Figure 12 Indirect competitive ELISA test kit RALABESILI. o EAER am

standard curve of OTC

fH(X) K 1.006, 45 1E2E (SD) K 0.038, 3% X —2SD {4
(0.93) , FEAR 4I8 #7123k 7% LOD 2% 1.3 ng/mlL,

2.4.4  [PIWCRME  E 33 4 ELISA J5 300 5@ A [\ ik
B OTC My 4= Wik R 45 SR 4 PR, [FCRAE84.70 % ~
87.45% A8 S BHBAE 9.3% ~11.5% , 78 S R B <<15% . ¥
Wik B R A .

245 HEFMYEE ELISA FkRRFHEEER
mFE 5 Piw, 5CTC, TCHY 38 RN 243 3 5.27 %
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