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Abstract: A rapid, sensitive, and accurate detection method for tetracycline (TC) antibiotic residues in food was developed.
Shared structural characteristics of TC antibiotics were exploited for the preparation of a broad-spectrum TC-targeting monoclonal
antibody (mAb), and a colloidal gold-based immunochromatographic assay (GICA) was established for rapid detection of TC
antibiotic residues in food. Through hapten design, mAb preparation, and optimization of key GICA parameters, such as the antibody
labeling and artificial antigen coating concentrations, rapid TC antibiotic residue detection in food was achieved. The half-maximal
inhibitory concentrations (ICy,) of the broad-spectrum mAb towards TC, chlortetracycline, oxytetracycline, and doxycycline were

1.29, 1.04, 1.34, and 2.33 pg-L", respectively. Under optimal conditions, the limit of detection of GICA was 20 ug-kg ' for TC,
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chlortetracycline, and oxytetracycline and 40 ug-kg ' for doxycycline, with a reaction time of approximately 15 min. Therefore, the

GICA developed in this study achieved highly sensitive, accurate, and rapid detection, making it suitable for rapid batch screening of

TC antibiotic residues in animal food products, such as chicken, pork, and grass carp. The results of this study provide a theoretical

basis and effective technical support for future research on broad-spectrum mAbs against TC antibiotics and the detection of TC

antibiotic residues in food.
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Fig.4 The negative MS of TCs hapten

WM E S N BSA KU REN THE NG
i), F 0.05 mol-L™'s pH 18 9.6 ] CB & i i i
B4 0.1 pg-mL ™ A4, DN E 1 DY 3R 2K b i
VU, TEAE RN DY PR 2 28 B BE LA VR, 19 3
ic-ELSIA 5 4 Hil br v th 2%, b v ih 26 4 B 5 B,
T I v A 0 O PR 2R 28 B T B P AN TU BR 2 Y 1Cs,
129 pg L', fEPURRE R EIKRE N 0.2~16.2 pgL ' ¥l
Bl 2R RELIMANFARENSEFR LER.
Z VR ENRUEE M, RIRETHEAS B DY PR 5 2K B v B4t
i efiR. LER. ZVEHERD IC, E2 518 1.04.
134, 233 ugl's &HE. THEER. ZHHENITX
SN ERIYHIN 124.04% 96.27% Fl 55.36%, it W il %
MU R B BE PRI AN UM R, &% R, L&
EVIEAUEZN i oy B2 oal | Py 1 - IR I EZN i
T HUAR AN N T £ GICA H,  BEWS SEIl £ 5 g
IR IPUA Z TR PR A

151
[

BRI

1.0

OD1H

051

0.0 1 1 1 ]
0 5 10 15 20

VUFRZE R IR E / (ug-L™)
[ 5 MUIAE ic-ELISA sk
Fig.5 Ic-ELISA curve of TC

22 WKW KL

221 ARiepHM 4L
B s oS A e B B P
L E e S UKL, AR R 10 pH A O 2

L2 5 0 A < UL R 4K 3% THT 11 P 70 A7 R R
TR P, W RE MR A 2 TR A e e B B st
I 4.6.8.10 pL (AT 734K 0.4%. 0.6%- 0.8%- 1%)
f50.1 mol-L" K,CO, ¥Vl 2 ImL M {4 75y b i 5
AR R pHH, B 6 /T4, BE%E 0.1 mol- L' K,CO; ¥
WA INE (RSO M3, R EER IS
RUTHIR L AN EELT 5, 24 0.1 mol- L K,CO; ¥
WARINE (R ED 2] 0.8% B, ik &V
BB, WA RIS =4, Fik 1 mL iRk 4
T 0.1 mol-L ™ K,COs ¥l I G i & (AR 3
0O N 0.8%.

4L 6L 8 uL 10 uL
S B S

B 6 [ 0.1 mol-L' K,CO, BAkFME (AR5 )
KRG SRR
Fig.6 Probe color with different 0.1 mol-L ' K,CO,
solution addition amount
222 FHRAFRRZRE A
PUARARIC BT FE 1 v (K B R i R i i 4R 2
fi S €0 5 B RN RS, DR LA B0 ) pH B SR T
WA 2,54 5+ 10 pg-mL ™ B AT B R SRR 5T
XA A I P RE A RE T, AR 1 A 7 R, BEAE
PUAPRIC BRI LRI T, AR TR T T C
RPN, T/CH R BN R B, itk
BRPESCAE T I T kit 5 T/C (EAEBUAbR 10 5T =K B
KT 5 pgmL J5 EFFIRBERIR, SRAIPUIAR bR IC T
JEsbnf 2t &, AR REUETT IR T . T4t
PRARIC R IR N S pgmL ' I, R4S BRI T 28
gith =16 H 5MHIER B QB E =25, fFa0 ik
(IR B R, DR #% S pge-mL ' N bR R IR .
F 1 ORRERFFICREBRERUER

Table 1 Optimization of TCs antibody label mass concentration
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10 L7 “fjr) 213 L4, L4 1.02
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Table 2 Optimization of T. C-line coating mass concentration

THER i F o () R
(mg'mL") (mg-mL") T. CAME T/C {8 T. CAME T/C {8
0.05 L4, L2 222 L1, L3 0.30
0.1 0.1 L4, L4 0.90 L1, L4 0.19
0.2 L4, L5 0.64 L1, L6 0.09
0.05 L6, L1 9290 L2, L4 0.49
0.2 0.1 L6, L3 222 L2, L5 0.30
0.2 L6, L6 1.08 L2, L6 0.29
0.05 L7 (#3), LI 1356 L4, L3 1.74
0.4 0.1 L7 (¥%#), L3 3.80 L4, L4 1.00
0.2 L7 ($#3), LS 1.69 L4, L5 0.81
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W AR T LR A 10 pg L' B, iRAEH 45 ’ A | v f
BT, B, AT T L B T E R DU R K SR )
RHIRA S pgL”, METIFEMBIN 10 pgL’s gy
% 3 RERERELRELGEZ AL R ;
Table 3 Experimental results of different TCs standard OpgL! 2ugl! Spgl’ | 10pgl?  20pgL”
solution on GICA
RERSEE wrg 2%k 2EF  SERE E 1 |
(ng'L) ; ‘
0 _ _ _ _
) _ _ _ _
5 + + + — ™ 4 ™ ol 9
10 + + + +
20 + + + +
af 2 . s, G =) 9 FEREREMRELAWHIRKEZGNLER
Fig.9 Experimental results of different TCs standard solution
Opgl? § L2 uel | & Spel? 10 usld | 20 pgls #:(a) WHE, (b) %%, (¢) £EF. (d) $HKE.
x = = - = 232 EIRHFLEN
w ‘ H3E 4 R 5 W1, ABEFCPT S H JTVAAE 7 Fh
| } FEAR IR &5 R E B, MRS R, &
‘ | FE. LEFTEREIT 20 pgkg ', VA ERE
= a & & & AR T 40 ngkg ' B, RoEE RIBONAME; X, X4
FEAFNURER., &F5 5. TERNZERRNREK
bl e JEE 53 i 3 s kg R BRI A RS A .
Ty DK e A IE S0 T AL T AR REA TR U R . & F R
TERIRIIR N 20 pgkg ', FHFEAH L PR A
0 pg'L- 2 gL 5pgL! 10 pg L 20 pg L A 40 ug-kgﬂ, AT H B pikiE pg GICA fik, H
TE PRI it R 7K 72 S PG 0 R AP B A M 80 pgkg s A
r " 1 TF 50 BT S (0 7 VR A T R AR PR T T 20 pgkg
} » |7 ‘ ‘l S E ST T I R B
| Wiy EREAUE S XS, PR, Ffh, BHE,
KK RS A S L 14 6y, SR ARHIE S 5L GICA
" N " T T J7 A LC-MS/MS [RIFSHEAT RS, - %o AR SO U 0 7
BERMA LR B3R 6w, GICA MWL RS LC-
e 4 - . | MS/MS 45 R, LY T GICA Jrik
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Table 4 Experimental results of TC. CTC. OTC grade
spiked on GICA (ng-kg ")

o 0 5 20 40 80
i - - + + ¥
P - - + + +
4 K] - - + + +
Fa - - + + +
Fia - - + + +
KKk#E - - + + +
B - - + + +

* 5 ZAREBEMREIREZEERMER
Table 5 Experimental results of DOTC grade spiked on
GICA (ng-kg")

H o 0 5 20 40 80
2B 1) - - - + +
A - - - + +
% 7 - - - + +
#a - - - + +
Fa - - - + +
xke - - - + *
Ll - - - + +

% 6 MK ELC-MS/MSK L R ELE
Table 6 Comparison of GICA and LC-MS/MS detection
results (ug-kg")

3, 1] - ND 2 1) - ND
R + TC:25.5 H - ND
% - ND ™ K - ND
Fa - ND ¥4 + CTC:22.9
Fid - ND Fid - ND
Kk & - ND Xkaé - ND
o - ND o - ND
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Table 7 Stability results (ng-mL ")

B 1A /d 0 2 5 10
0 - - + +

5 - - + +
10 - - + +
20 - - + +
30 - - + +
40 - - + +
50 - - + +
60 - - + +

234 AR o7 kb AE bER

IR Fh SCRR AR IE Y B FH T £ 5 R TCs Bk B Al
(AT J5 203 8 . HHER 8 A1, Moreno 254
ST SR M A BIBORAEHL (SALLE) - 8 v A AR €033 /
FR RS (UPLC-MS/MS) 5 k%t A ZEFE i TCs 46
HR N 0.09~ 0.14 pgkg ', Fatma 25" 3T ) 5 20RO
B/ HE FE SRS 8 (HPLC/DAD) J5 V&% 38 Al
FE ST TCs A8 HU IR N 0.6~2.7 pgkg ', KA 2820 Hr
T AR B v I R U R R R I, (H B B
5 IR BT K RS 00 B [ B sk 1 7 B3 DRSS 0] v g 7
F. 7 H AR A PROE . (I S B AT T ik
O T KR RS I R R LT, H R T K R
il AR SRR TR, SRR R SR A BT R B, SK
BB S I R BUE A 80 pgkg ', HAEAK S b szl
TEPXT TCs BT 5 AT, ILER = £ X6 DC IX— %5 E
VURR PRI AEE S, N T i — DR R
R, LiZ5PR ARG R G R &R Ve AR AT
G EATIRACSS,  H R T K R P ) R 3 R
TP, TIERN T S SRR AT, HOE T KR
(ARSI, A6 PR N 1.95~2.77 nmol-L s ASHIF 58 Fr 44 7
W EATEITE, 1R TR R B, I HAEK™
st R R 1) & S PR S R SR T TC. CTC. OTC AT DC
()R, AR A 20~ 40 pgkg ', AR E] R T
15 min, AENE AL 7K i AT DA s 0 S BR A o ob DO 2R
FRPUA Z IR 1 A PR ik
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Table 8 Comparation of different measurement methods for TCs detection
U R o At F M /(ugkg!)  AMEK/min ALK

SALLE-UPLC-MS/MS 7 ) TC 0.09~0.14 >60 [18]
HPLC/DAD 8 P TC. OTC. CTC 0.6~2.7 >60 [19]
4 2 L& MOF X% K TC. OTC 1.95~2.77 nmol-L"' 30 [21]
GICA SRR N G TC 80 30 [26]
GICA K 5 TC. CTC. OTC 80 30 [29]

GICA H#l&. K=& TC. CTC. OTC. DC 20~40 15 AFRF

3 #ie

AR SRR DU IR K 2 Ak 2L [ 0 45 W R A i
GRCTEPUE, RE T IR R AR (ARG
A, il T UM EREPUE RN W e Ui, Bl
HE RS ERAX ISR, £FR. LER. £
PE IR 2 (1 2 BB BE (ICs) 153 518 1.290 1.044
134, 2.33 pgL's FETHHl& K G bk, &
ST AR RGE AT I B R YR R PR R IR
WERIE BN, ZHENRE, &8%. &R
KR A 20 ngkg ', X2 FEHRAMIR H 40 pgke '
KB 29 15 min, B R AEMH. PR SERE A,
AN TS A, S, RS R R EPUER
ARG (14 ST Y57 S PrIL /R = S R UEZ N i
AR R PO A R T — P AT B AR R
FEF R VU R B PAER N, AW AR
TR E BRI 25, RO H 25 2 1B Pk
DASEIREE =200, B8 AER IR DU PR 22 280 A 3k WA
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