5514 % 459 ) el TR Vol. 14 No. 9
2023 4E 5 H Journal of Food Safety and Quality May, 2023

2 B mapEt Mt A, AAESY £V
(1. Wb dE B i b A AR P2 S B b T B LA A A I B 5 280 25, 5K 0750005 2. W dbdb 2#Besk FE N
R R 2 E AT, 5RED 075000; 3. dbdb 2B RMEBH2£0E, 5KkE O 075000,
4. WAL 2R B MR S —EERE, KK T 075000; 5. ARFE T B B #E0 Fhots, A 067000)

# E: BR HISEBEV R EERUR, RAVEYRICHEARN AR R, X Rk
Ha AR R U, TS s e /NG, R SR /) BN B R R A B R o e SR A
JLI) 22 Uk T k- se R Rk A, A R LR S R LIR . FEK, RIS AR G 2 R L BETEGORIRET, dr Bk
F U 5 R A WXL N (polymerase chain reaction, PCR)AYAE W) SRTERG KGN Ty ik, FEfA 2100 T Rk
JEdt PCR AEY) ST Iy ik (A e 5 Sh ik & v A YD B AR R . SRR SV R Ak A 5 fE
Y=14.426310gX+0.09184, r’=0.96, 7 0.1~128.0 ng/mL JE I, & 1R 1.14 ng/mL, #EISEIEE R BoR, A
S EOPE SR R ARE S 22 351 85.8%~102.6% . 1.8%~2.6%. 4&i8  JE T2t it PCR A0 4
o3 T ER AR D R I A5 R TT 5, BRI T T SEBRAE it (RGN, Sy SR B A DB AR AR A 9 17
KEA: ARV A TR, KSR G BITEYORIE, A RIE

Preparation of ofloxacin monoclonal antibody and study on
bio-bar codes technology

LI Hui'*?, XUE Ying-Hui*, FENG Ya-Ning®, JIN Yan-Dan’, ZHOU Mo-Long'***, WEI Dong"**"

(1. Hebei Key Laboratory of Quality & Safety Analysis-Testing for Agro-Products and Food, Hebei North University,

Zhangjiakou 075000, China; 2. Zhang Jiakou Key Laboratory of Quality & Safety for Charactenistics Agro-Products,
Hebei North University, Zhangjiakou 075000, China; 3. College of Agriculture and Forestry Science and Technology
of Hebei North University, Zhangjiakou 075000, China; 4. The First Affiliated Hospital of Hebei North University,
Zhangjiakou 075000, China; 5. Chengde City Center for Disease Control and Prevention, Chengde 067000, China)

ABSTRACT: Objective To prepare ofloxacin monoclonal antibody, and determine the residue of ofloxacin by
biological bio-bar codes technology. Methods After the complete antigen of ofloxacin was synthesized by
carbodiimide method, the splenocytes of mice with strong specificity were fused with myeloma cells. Monoclonal
antibodies to ofloxacin were prepared by multiple “screening-subclonal” processes of hybridoma cells. Secondly,

gold nano-composite probes and magnetic nanoprobes were prepared, and then a bio-bar codes assay based on
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fluorogenic quantitative polymerase chain reaction (PCR) was established, and the bio-bar codes assay based on

fluorogenic quantitative PCR was used to indirectly determine the residue of ofloxacin in animal-derived foods under

optimal conditions. Results The linear regression equation of ofloxacin was Y=14.42631ogX+0.09184, r’=0.96.

When the concentration range was within the mass concentration range of 0.1-128.0 ng/mL, the limit of detection

was 1.14 ng/mL, and the adding recovery experiments results showed that the mean recoveries and relative standard

deviations of ofloxacin were 85.8%—102.6%, 1.8%-2.6%, respectively. Conclusion The results of the detection of

ofloxacin based on the quantitative PCR biological barcode immunoassay method are reliable, which can be applied

to the detection of actual samples, which provides a new direction for the detection technology of ofloxacin.

KEY WORDS: ofloxacin; monoclonal antibody; gold nanocomposite probe; magnetic nanoprobes; bio-bar codes
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(molecular fluorescence analysis, MFA)Z5E! 14, Ayt kR
BRI [ (enzyme linked immunosorbent assay, ELISA).,
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Fig.1 Schematic illustration of bio-bar codes immunoassay based on fluorogenic quantitative PCR (A) and its measurement process (B)
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1.1 MRE5ERF

OFLX brifEdh (A1 99.5%, i E B2 5T, 2
Il ¥ 1 2 M (bovine serum albumin, BSA). Ui & H
(ovalbumin, OVA)(4fi & 98%) . 4% 2 i 4+ I 3 (4 %
99.99%)( 3 [# Sigma 2% F]); — H 3 B IZ (dimethyl
formamide, DMF)(43Af14li, 122 e A= AL R A BRA A]);
25%)8% W (G M ali, R H TR R AR A R D );
ML E AL P HE (horse radish peroxidase, HRP)FRIE HIZEHT
B IgGEE R T AZ AT A I HAR A BRZY Rl ); N-FRJE T 560
B (N-hydroxysuccinimide, NHS). fif¢ — V. % (carbodiimide,
EDC). W4 5 3,3°,5,5°- DU H FLBX R i (tetramethylbenzidine,
TMB) . (A . FH kR R IR G . TE Zohik ALt 3£ F}
A BRAF); Tween-20(4EE 96%, FIHL T b2 5 A R
f]); DMEM J5353E . RPMI 1640 55375 . HAT #h3E5) .
HT #IIGERE Gibeo Z2F]); PEG-20000., ‘B #J 41 fif
sp2/0(HL I HFRLT T A MR A BRZ\ 7]); Corning Costar 96
LB bR AR (AL Bt SR H A BR A H); 5 J5 i Balb/e
/NBR T DUAR (AL 50O A W BAR AT BR A 7] ]

12 UR58%

TGL-16A 15 38 25 .0 ML (4 35 17 AR AL 25 A BR 2 7] );
Lambda365 58 4h- 1] W23 6o BE T H(BA G B RS AT BR 2>
Fl); JJ323BC J1 73 2 —H 5 R AL BEL A A A IR 2> )
infinite-F50 4 H 2 RY( FIEA 1 59 A RAH); C-MAG
HS4 NARE T3 2 (T8 IKA 23 7l); CKXS3 1537 A 5s
(BEARE A F]); 3111 BKE X A A B I 40 (58 E PR R
K RBHEABRA A, 1-16K 45 205 v v B O HL (i
Sigma A H]); 7650 5 LT B (H A H LA HD).

13 75 &
13.1 FAHEFBREEG SR
DNA 1t 55 ME % 1.
%1 DNA #HMRITS5EM
Table 1 Design and synthesis of DNA strands
DNA %% gl

TACGAGTTGAGACCGTTAAGACGAGGCA
ATCATGCAATCCTGAATGCG-A10-(CH2)6-SH

A

CGCATTCAGGATTGCATGATTGCCTCG
TCTTAACGGTCTCAACTCGTA

132 ZARRGHE

FFEL OFLX 4 mg & THebrH, A 1.2 mL DMF.15.4 mg
EDC F1 9.2 mg NHS WWlgiR 5, RGMAZERKE 1.5 mL,
HEE, PPN 24 h, FiRh AW, A1 mL BERREEZE o
7 (phosphate buffered solution, PBS) (pH 8.0)¥; 6.6 mg

BSA 5 4.3 mg OVA R0 . SRIGTERE S8 Fas i 7 H
T A WBHERIMA, ZERAMH TR 3 h, 3h)E, H
0.01 mol/L /) PBS i&HT 3 d, % 8 h #e—KBHH, 3 dJ&,
5000 r/min E5.0> 10 min, BT, BE T4 °CA&M0 PR
1.3.3 S S B BN M E

¥ 7 B 5 R BEEE BALB/c /MU T S, dhthl
5k, BRRIEIREETE R 2 F kRS gk R ek S
OFLX-BSA i &, Fealfk¥sifa, LL 100 pg/ s JE
S TIE IS . Ja 3 AR o IR 5 A A4 AR R
J il A TE4AE, 5 OFLX-BSA MHIES . 45 4 WHES
7d, AT I, FH ic-ELISA %€ L&
AR A S BB AT LG T, A AU i B 2R ]
fimpifi s, Fl OFLX-BSA 4y i 58 /N
1.3.4  fmfieakb-L 28 398 bm AR 64 T it

S5 SCHR[15-17], B 552 7 B iR 4t i ) 4% 1 5%
g, &, HWwbl&/NRBaNE, . REKRESE
BRI AR A, WMAERHARNN ., @G 745X 96 FLAI
M A A L3 A ARG o PRGBS, $4 B ic-ELISA #F
i, AR 2 L0 v HH B AR bR A T LR A AN
AT Sa R o s B R AT BRAR 1, 1 ek f iy L P Bk
UAELE, 2% G B g, FRRERE 4 DAL
PEATHERE, 43900 4.0, 2.0, 1.0, 0.5, #itl. 7dJ5, x40
RRIEA PRk o 4RSE 0 5 2~3 YRk T 3 ks s 56k B 44
DL AL AR A B RO A . SR 5N 58 BH A Y 2 T 4 it
R 24 LA PRI SR, REAMIAE 24 LB A K
3~5 d, TN MRE PR EA T, A H s Pk H A0 AL
HOR BRI, DRBS TR B SR R AR . YA S
RS 80% H A XL KB, snT LLUEF TR K A 45 o
1.3.5 5 ik &5 st

VEFIMEVE 8 R AERER BALB/C /INBRLTE Sk 14 £ s,
KM S 0.5 mL/H o ARG 0 7 d, /NEUE g
MK, B SR/ BUIR S AR B, F 53 25 22 12 W
HEK, B, BURTEH, BARAE PR RAER-1E
B R 4 v U O K E A T i AL AL B SR I SR 48 Ah- T AL
Iy IR E FUAYR B, 438 T IO T, —20°C 1.
1.3.6 #AREHH &

KRR L A 9K 4, 1 ek s b i A 21
(A B 3825 L FH R P eV DAL Bk, PR R BT IR ML 48 h,
AR KEVER T, JUREBUTA 99 mL 4K 1 mL B
V% AETRIRE, FERERE B ERs TonAsE k. vk i
Ja, BEMA 1.5 mL B 1% R . WA 2 min J52
WAsTE, A, HEMIEA G, e dERE 10 min,
FIR TR, EHERF 100 mL, 4°CUKFAP-TE
1.3.7 “AREE AT &

il 2 519 1 mL 9K 42 K,CO,3 1877 pH £ 8.5, LU
KRB S PR G T, SRR R B MRS, RE
12 uL (16 pg/L) OFLX BATEREHTARMA R 1 mL 40k 4F,
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BRI FHREER N 1 h, (EH TR

T JEHL 0.3 OD/mL MY SRALAE A HE 65 (A )% 1:200 119
He ) 55 = (2-¥2 2 36) B[ Tris(2-carboxyethyl) phosphine, TCEP)]
RA, WG RIEMARIS ISR, (FHRE, K
AACCEME NHE 18 hJ5, LA 20 uL () PEG-20000, FHRZH
FEWRAT I SRR 8 UV o SRJELE 40 h LA 0.01 mol/L
1) PBS 2 uL, FAA 4%, 40 h J5 LA 150 uL 7% 2% BSA
[ 0.01 mol/L PBS, WKHT#45], 4kEL) i 2 h, DhHHARSE
A BIAL S . 4°CHEF 10000 r/min B0 15 min, ¢ 1.
FINA S 2% BSA () PBS 250 uL, ff HAZ % R A
HAMEE A ) 4TS B5E 0.3 OD/mL, Fii 2438 [0 4 h,
SR EE G AE 4°CEET 10000 r/min ZK£EE5.0> 15 min,
FEEWERPERSE S DNA 8, BB EET
250 uL 7 2% BSA (] PBS R ¥, T 4°Cok# HIR-17 -
1.3.8 Akl 4 RARAT 44 6 &

PG TERER B TR 8 P PR% SN 30 min, FRIFH S
WATRIEIRAS . W1 mL BYREMEROER T B O R, FERE 4L
FREVEST S, 2 min JEFE RIEWR. FIMA 1 mL 15 mmol/L
MES ZZolif, Jeimie 10 s, FRRHE TR L, Ffit
HEW, P 15 mmol/L MES 2% Ml [ &2 YER WK . W4y
B, AR A 500 uL EDC (10 mg/mL)FI 500 pL NHS
(10 mg/mL)EBE.LE S, kITHS), R THEY 30 min,
PR J5 T PBST Y% 3 W, BliJA 4 500 ug OFLX-OVA ¥
mzE B, FiRRG UK, 15 OFLX-OVA REEHR
CRWETEER o R RN SR )E, ARELREST S, 3¢ LA,
PIBRE R A OFLX-OVAFHIITA 2% BSA ) PBS 4]
1 h, B0k LR, BEEAOREE EET 500 L &4
0.1%0 7R F1 0.1% BSA 19 PBS H A %, 4°Crk A A7 12028,
139 AFRAZEPCRAEILAMEN L ERFLAKFR

SRR R E T E S A 2% BSA, 0.1%
PEG-20000 /] PBS 40K 4 & A1 B 2 100 5, #ibk
AORRETFRREE] 10 4%, WRHE 15 min JRE). FRREFRIES FH
0.01 mol/L PBS # B 5| 1.25 ug/mL., ¥ra8 K 4 52 & 34 B

A 1.0

0.8 -
BSA

wor |
= 04 /\ /
02 - - k

0 | L S |

200 250 300 350 400
HH/mm

50 uL BB, BN ARRUE S FORE P9 KR ET 4% 20 ul.
FIHHE 15 min FERTSIRS, TR LG 5,
JH PBST ¥k 3 ¥k, HUESSRG FAA 100 uL B4k, If
TE 60°C Tl ZUHR 7 50 min, PR 25 05 4 o Ui s s i
W, R Fig i 90 E & PCR ¥ #k 1T DNA &&=
BRIAGHIN, AT S B X824 ) s AR

BEil 25 uL BIRNARRTF qPCR /GEEH, Hidas (xt
BEFLAANE R 12.5 uL Y 2xqPCR Mix, 2 pL 7.5 umol/L
FEEBIY . 2.5 uL MY . 8 pL MEEFK; 115
FLESHE K 12.5 pL (¥ 2xqPCR Mix, 2 puL 1 7.5 pmol/L
WZ5IY) . 2.5 nL SS9, 8 pL Y258 F 7K. PCR
PR AU 95°CTHIAEME 3 min; 55°CHEFR(30 ¥K)30 s;
T2°CHEAf 10's; #fRMIZ, 65°C—95°C, 4 5 s FHA 0.5°C,
1.3.10 Hanaras

PRI 1 mL A E RO, SRS 0.5 mg/L
HIARUE R VA 150, 300, 450 pL ARKESINE] 1 mL #65% T,
Hodp— O3 Ryas R R, ARSI, Fe RIS i
30 min. )54 100 pL AOBERRA 4 mL (9 ZIEMA SIS B0
Brh, KOERY 30 min {4, $E 5~10 min, 4000 r/min 2.0
9 min, BV, PRI IREGRSE G IRBUD TR, E
PR EH, A 4 mL WIEC KeiRjiE 3 min, $E, HE
NEFELE . REHRIIEYHE S0°CHABT#ER, I
1 mL B ZNE&E 7%, 12000 t/min .0 6 min, B, &
J& F 0.22 pmol/L JEMELE, 4°C44 FIRAFEH

1.4 HIEAIE
BRI ER 3 4, R 52 E R Origin
2019 ¥, KF WPS 2020 #4741 F14047

2 HRED

21 EEMERELEE
AP 2 iR, A1) BLAY 6T % OFLX Ay kK
W IS E 287 nm Ab, BSA 8 e KR IR 7E 278 nm Ab, OVA

R

05 I- / OFLX-OVA

oL | | TS b ;SN |
200 250 300 350 400

P /mm

Bl 2 %% OFLX-BSA (A), OFLX-OVA (B)£4MEAE K%
Fig.2 Ultraviolet characterization maps of immunogen OFLX-BSA (A) and OFLX-OVA (B)
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UiEH OFLX 1 BSA (OVAYREE SN i, P& IR I i = A
T ZNS, FERIBA 0 R IR % S5 OFLX Fl BSA 1Y
B KR Y& TE 280 nm, BEKY) OFLX-BSA B KW ki
1£ 278.5 nm 4b, OFLX-OVA [# KR WIEFE 295 nm 4k,
(OVAVMELP=AE T i . $ it vl IfEWT OFLX S#{AE A
BSA (OVA)F=A4 TBEX N, 3K T 58 2Pl OFLX-BSA
Fl OFLX-OVAY,

2.2 PHMEZ 3B PR A 5 IE

/IN BRUBLTE 200 6 5 s R A 5 i), 7 d S TEAN
O TSR B LA F A0, SR FH ic-ELISA X 4l i b5 374l
H Y E TSR TR N, OFLX A 6 fLE /R BB FHTE . #51X 6
L A AR T A BT, TS RS HE AN A A A R
4.0, 2.0, 1.0, 0.5, PRl HLHARBRan MBchitR, 40 6 AR,
Wk 7d J5, B ic-ELISA #: I 40i F i, OFLX A
2 AR Z RGN 5L BH M o 7EIX 2 BB SR A R, OD fHE T 1.0
MIFEA 39 4L, B s FLANMEIET 5 kW ek, K55
7 dJE AT ANIE BRI, 245 OD & F 1.0 1A 8 1L,
OD fHRE T 2.0 A 19 fL. & 3 RV e b 5 B 55 A s
T Al R A AL R AN ML 2SS A AN 3 bk . Bt e K L
KEEFRE 24 fUMR, S8 KIGFREAIE 1 B & B AL
FRRIAINE, ARELT 24 FLARPYORERSR 7 d, FRA0EAE
LR 70%, HBREFRME, K ERKR 80%
RIAT il 25 K S &l 3 FT7R, 243 AN pR o A e ¥ 50, It
HEKZMIKN 80%4F, AT LUFAH &K

50 pm

TE: AR BT A K i AR A L
K3 Zescia A A (s B
Fig.3 Growth situation of hybridoma cell

2.3 MERERERNE

B WEE R K BEA T IR -BBR B vk 4lifh, SRE1S 3
TEREHTIAR, SFIZEHUARR MR EE VR TINGE o 1 Ah-nT WA
S 5 PR VD L B BEBLARTE 260, 280 nm 4bAY OD

i, # ¥ Lowry-Kalokar 2\ 2 [C/(mg/mL)=1.45x0Dg—
0.74x0Dyg0] 1 58 ¥ 53 [ BT K 5T & W (C), 45 R BN,
OFLX 57 BT 1A T i vk & J2: 2.25 mg/mL.,

2.4 BEERARETMN

DI AR AR(Y), LA OFLX JFi ¥ (X, ng/mL)
SR bRzl 2R, 4528 Bos, OFLX il Hh £k Jr
Y=0.2929110gX+0.1589, r*=0.98, 15 H: 2} 41 i ¥ J¥ (half
maximal inhibitory concentration, 1Cso)y 14.58 ng/mL,
HFR (concentration at 10% inhibition, IC;o)°4 1.59 ng/mL,
F W] OFLX B v B ht (A HAT 5 1 R B

2.5 BERERARRMEITEN

M2 2 R, OFLX HsgBERiAXS T /T 45 AR
B2 58 SUR Y 2 351<0.01%, JEA8 RN, FH] OFLX
SR AT B 1R S

F 2 OFLX Rit5HMAYNRZ KR
Table 2 Cross reaction rates between OFLX monoclonal
antibody and other drugs

i) ICs¢/(ng/mL) B S rIE

OFLX 14.58 100
KR >10000 <0.01
587U >10000 <0.01
WA >10000 <0.01
WhIb R >10000 <0.01

2.6 MAKE. WREESREREMPRSIRETH
BE
2.6.1 thAREMER

W HME W R k& B, Baa, HAE
4°CH B IS T ULTE LG (] 4A) . 435 4Tl B BlBe
(transmission electron microscopy, TEM)% B4 K 4TEE,
QI 4B fiw, BURLEERR KNGS, HARKY 15 nm, H
B M ESHEIG . i 5 50- 17 WA Aot i i e 44
oK ) Fi R JEE T % L K 520 nm, - 41 1&T 4C, I HL
Mot . 25 ERTR, QKRG BEE, 485, 400
T, R HIGK 4 R
2,62 HREESRA SR

Wi s FR, SR AM-AT LA 6 A E 2R B AN
K 4 19 e KR B2 e ) Bz % 28 520 nm, AR &2 &
PRET, e RO Tk B B3+ M 520 nm 8 = 522 nm, W
WSS P 0 AR 5 TR [ 4 38 B 2178 (e S Ul B 9 K A b i 58 1
Ja BRI R, RAARICH 2 1R ic B 90K 4 00 0 2 18,
YR SR RF R ARAT ik A8, AT S0EE T 9Kk 450
BLEETRERE, HERTAR bR s,
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Fig.4 Nanogold identification maps
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Fig.5 Ultraviolet diagram of nano-gold composite probe

2.6.3  BEPEGARIRA ) AL
% Uk 45 )2 5 (attenuated total reflection, ATR)F
KU TLLAMETE S BT, B2 S50 il 4l 256 Ik, 439
K4 em, SR 6. BEMEAUKIREME 584.39 em ! 4k
WU A Fes O TR I RFAE LI, 22 HH Fes O R AT il 75 1L
I, HIRAE 1649.00. 1455.05. 1326.40 cm ™' AbHRA W14,
TN REA WL A AE DY, X T A SRETEARIRET R &
140
135
130

125
120

/%
E5
i T LI

L

1326.40

1649.00 1455 05 5430

T T T T T[T T T T

N
W
T

1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000
WeH/em™
B 6 EPEANRERE LTSN GTE M

Fig.6 Infrared spectra analysis of magnetic nanoprobe

HEM, 1i OFLX-OVA T EHEAA X, 28 Fadr, Uil
OFLX R4 K ERET il 25 A1) o
2.7 FnERMZRIENL

1 0.01 mol/L PBS ¥ OFLX B3| —EuHE N, L
Ct {E AP ARFR(Y), DL OFLX Jf e B AR AR FR(X, ng/mL),
1E 0.1~128.0 ng/mL & Fl N, OFLX i ¥ BF (X {H 5 Ct
HEBRIFMLERR, KERETEN Y=14.4263l0ogX+
0.09184, r’=0.96, OFLX #H1FRJy 1.14 ng/mL. 455550,
LTSI 5O E B PCRAEW)STE AL H AR W] LSBT OFLX
FA R SR, FLELA A v ) R AU
2.8 RANEIYSEELE

N T IS T S 26 E . PCR AW 55 IB 1 Gy oy
BT IEAE SEBR L R e, K OFLX AR ifEva Boin A %)
ZE AR S SR AR S LS Y AR, B E 150, 300,
450 pL BYFRUE SR (0.5 mg/L), OFLX F-34 [RS8 FAH XT
FrRUEMm 223 5 85.8%~102.6% . 1.8%~2.6% . 45 Fe e lf, 3
FHOtE R PCR YY) SRTE A G 43 BT i R R v
OFLX S5 WTEE, ULHHIZA I Jr v i o B B4, 7T AR
FHEN S BRAE S 1 52 5% B A I v

3 &

Y T APURFIR I IEA R Z R, LBk E
BARE N FEBE 2D E RO S mbiR S, —
I ZEAD 20 AL ERRERUREE R - EEEA ST L
A e s shn = A b Ak, (FURBE R A el H
T, 2B 5 AR ) 1% 25 VR A b, TR
T A BAIE 7 AT e 2o 8 ) i S IR N LA
RIS o ABFER T R AMAHRIE R T A THE A K
Wa M, FHRAPOEER PCR A M &AL AN )5 i 52 3
OFLX 5% B AU %E, 7€ 0.1~128.0 ng/mL A, 45 HBR
4 1.14 ng/mL, OFLX -4 [ 05 FAH XA 1f i 25 43 551 K
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