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Recent Advances and New Strategy in Antibody Preparation
for Fluoroquinolones
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Abstract: The antibody against one of the fluoroquinolones (FQs) alsways possesses broad-spectrum binding characteristics to
FQs due to the similarity between individual drugs of FQs, which are easy to be detected by multi-residue immunoassay. This paper
reviewed advances in the development of immunoassay for FQs in food samples and analyzed the cross-reaction results from papers
published, optimized the minimum energy conformations of 8 FQs approved to be used in animals. A theoretic strategy for obtaining
broad-spectrum antibody was put forward based on the evidence of two-dimensional and three-dimensional view.
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Fig. 2 The chemical structures and models of the minimum energy conformations of fluoroquinolones that are approved to be

used in animal
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Table Review of cross-reaction of antibody against fluoroquinolones from published papers

L) SCHR References

Compounds [33] [29] [5] [30] [20]* [34] [28]
Ry 2 Enrofloxacin 70 100 66 6 83 100
RNV AL Ciprofloxacin 100 17 9 ND 111
b2 Norfloxacin 45 105 100 27 ND
ZHYP AL Difloxacin ND 64 ND 215 ND
LY AL Danofloxacin ND 88 ND ND 37
AP A Oflaxacin ND 55 17 N ND
Wiy A Sarafloxacin ND 100 ND 100 71
Kimyb i Pefloxacin ND 30 ND ND ND
FLFE Flumequine ND 4 6 ND 100 ND
B Oxolinic Acid ND 3 40 ND ND
b L Enofloxacin ND 27 143 ND ND
WY Lomefloxacin ND 24 ND ND ND
Ry A Marbofloxacin ND 45 ND ND 27
ZNERR Nalidixic Acid ND 14 15 15 ND
Piitivb A Cinoxacin ND 1 1 ND ND
JRIEYP AL Trovafloxacin ND ND ND 92 ND
NEWRIER Pipemidic Acid ND ND 18 ND ND
*HifT Sara-5; ND: BN -+ A XM

* Signal clone Sara-5; ND: No measure; -: No cross-reactivity

SE R T HAS By e A e e e vk i B el T AL R R
BRE ARG A (3 A1), s CAHEY 1
PERUARIE TR B0 s R GE, PEMCL R E. (HAE
NOR b i St 3 BIHTAAL XU VKA, X SAR Al
DIF 48 X b 54K, X ] g (A SAR Al DIF
PR VRSN T 52 NV e S o s v 1 A1 ANl ]
FrRH, BHAS 259 S5 Puik 2 W8 AR IL O S B v, BT
XF NOR b ZAEMHTAIBLIR 45 & HEFR (pocket) AN[E
SEARL BRI AR IR, & A T Pri il ae i)
NG

(3) MHEER AT RE SAR EHGEA TP, B
TAEWRMRIA A WARIESS, 3N X 1 ALK IR 3R
WPURSS G A7 e ] DL RS FQs 7R AT i B
BN . BARAR RO IR SR A 1T e 2 il ™
PR T R R SRR 7 I IE R LR R P A, (H
EPURSIURZ R R 255 T, sk I 4E
RZHNO T REFEFIER, FRIBAIE AU AR
H KIS, XRE T DL 59 U FAE DR PSS &
i 2 A I,

h T SR B BUR S B Z R e eSS A
FIF SYBYL 7.0 #2/78, L MMFF94 3zt 7 H
A S HEHE T 3h 41 8 Bl FQs Ik AE % (K
3, XL =gk LA FQs 7 12 i =4k
RIS R o DR A 2% ) 25 1 (R AR B PR R P S Pl &5
B SeREAr, RAPURMN S AR S DRSS & 07
RUEER, A e R B RGKAE S5 4
RSB, PTLAREE, 8 B FQs 7S IR S Ak A
Bhe FQs Ry [R] 45 R WERpk 2544 (1) AN EREEAS b Ah T[]
—ANPIH (EEFACTHD o FIRBIRER T 6 AN
AR 3R G 5 R R ST~ T T A e £ o WIR IR A e o
AR D L 5 A T P, IR0 I 2 52 FQs 127 ) 44
%, XEPURL YN EZE, XA S AH
LA FQs W] EAMY R AGUA S T PR L ST 5, 1K
Je) TR U Z B FQs I ES A LB,

(ODDAN HJ B AN 3L (1) FQs. DAN 7E 7 {7 %
HURGEIR LR (B 2, N EHRADNER T
TG . NI T YRS MR R AR T AR AR A, R
N T IRARRE R SRR, XA I3 )4k



3316

doOE kW R %

41 %

A 5 WRWE I A FE A AR, BRI AT 50 FQs MR AR 4
FTEL, & mpT i L SR UM I i — Rl 25, Xt
e M2l 2 s> H e A FONAER] o

@SAR 1 DIF 1) 1 £ 73 [H A G AR T H e FQs.
BRI AL 5 Ty — Y 117 5 PR EA Ay B 1~ F 117 )L
THEH. FQs 14> T HAMEE 350 Ziti, FARMIIS
THRA 97, FAKMGIANKMSAE T FQs 4> FEH
28%, R ABCEILE A ARG, (HES T
SRR AR, Pk al & it i

FA, EPURIRIS R T, LT AR
ok B B A ] e i S g [ AP 2R B 308, 3RAR
PUATRF AP 22 5, XA i TS s i A 4 22
SO A R BT RBEE T AR I KRR
BN G B R EAR LA, AEEAN R B4 AR AN [
A0 = AR B HTAR L TRD( 2 e e AN AT A I . NG Tt 2
(A BEAC UL, () — P S S I SR AR R AR () P J5 i A
IEAIAT, P SR SRAS PSR (R 45 AT & 22
WO, EATLABRARIG . Y — R, e
WO NTIIER IEM, 200 KRBT IR S ferT 2
HAMBTA.

References
[1] Z=RB, EEAM, £ 8. SAREN. i LR R
2002

Li J S, Qiu Y M, Wang C. Veterinary Drug Residue Analysis.
Shanghai: Shanghai Scientific Technology Press, 2002. (in Chinese)

[2] Espinosa-Mansilla A, Munoz de la Pena A, Gonzalez Gomez D,
Salinas Lopez F. Determination of fluoroquinolones in urine and
serum by using high performance liquid chromatography and
multiemission scan fluorimetric detection. Talanta, 2006, 68:
1215-1221.

[3] Linder J A, Huang E S, Steinman M A, Gonzales R, Stafford R S.
Fluoroquinolone prescribing in the United States: 1995 to 2002. The
American Journal of Medicine, 2005, 118: 259-268.

[4] EEC Council Regulation, 1990, No.2377/90.

[5] Huet AC, Charlier C, Tittlemier S A, Singh G., Benrejeb S, Delahaut P.
Simultaneous determination of (fluoro)quinolone antibiotics in kidney,

marine products, eggs, and muscle by enzyme-linked immunosorbent

assay (ELISA). Journal of Agricultural and Food Chemistry, 2006, 54:

2822-2827.

[6] VETME, ARvwa%, RELGR. b 2R 2k B A Tt Jdk Jg. %2
ol AEE, 2004, 32: 1021-1023.
Wang X VY, Qi K Z, Zhu L Q. Progress on the detection methods of

[

(8]

[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

fluoroquinolones residue. Journal of Anhui Agricultural Sciences,
2004, 32: 1021-1023. (in Chinese)

Zeng Z, Dong A, Yang G, Chen Z, Huang X. Simultaneous
determination of nine fluoroquinolones in egg white and egg yolk by
liquid chromatography with fluorescence detection. Journal of
Chromatograph B, 2005, 821: 202-209.

Heller D N, Nochetto C B, Rummel N G, Thomas M H. Development
of multiclass methods for drug residues in eggs: hydrophilic
solid-phase extraction cleanup and liquid chromatography/tandem
mass spectrometry analysis of tetracycline, fluoroquinolone,
sulfonamide, and beta-lactam residues. Journal of Agricultural and
Food Chemistry, 2006, 54: 5267-5278.

Lolo M, Pedreira S, Fente C, Vazquez B I, Franco C M, Cepeda A.
Study of enrofloxacin depletion in the eggs of laying hens using
diphasic dialysis extraction/purification and determinative HPLC-MS
analysis. Journal of Agricultural and Food Chemistry, 2005, 53:
2849-2852.

Wang L, Wu X, Xie Z. Determination of enrofloxacin and its
metabolite  ciprofloxacin by high  performance capillary
electrophoresis with end-column amperometric detection. Journal of
Separation Science, 2005, 28: 1143-1148.

Amine A, Mohammadi H, Bourais I, Palleschi G. Enzyme inhibition-
based biosensors for food safety and environmental monitoring.
Biosensors and Bioelectronics, 2006, 21: 1405-1423.

Wheeler M J. Immunoassay techniques. Methods in Molecular
Biology, 2006, 324: 1-23.

Zhang H, Duan Z, Wang L, Zhang Y, Wang S. Hapten synthesis and
development of polyclonal antibody-based multi-sulfonamide
immunoassays. Journal of Agricultural and Food Chemistry, 2006, 54:
4499-4505.

Franek M, Diblikova I,

Cernoch I, Vass M. Hruska K.

Broad-specificity — immunoassays for  sulfonamide detection:
immunochemical strategy for generic antibodies and competitors.
Analytical Chemistry, 2006, 78: 1559-1567.

Korpimaki T, Brockmann E C, Kuronen O, Saraste M. Lamminmaki
U, Tuomola M. Engineering of a broad specificity antibody for
simultaneous detection of 13 sulfonamides at the maximum residue
level. Journal of Agricultural and Food Chemistry, 2004, 52: 40-47.
Kohen F, Gayer B, Anir-Zaltsman Y, O'Keeffe M. Generation of an
anti-idiotypic antibody as a surrogate ligand for sulfamethazine in
immunoassay procedures. Food and Agricultural Immunology, 2000,
12: 193-201.

Spinks C A. Broad-specificity immunoassay of low molecular weight



10 #

AR IR

2YHUR B U S S W

3317

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

food contaminants: new paths to utopia. Trend in Food Science and
Technology, 2000, 11: 210-217.

Galve R, Camps F, Sanchez-Baeza F, Marco M P. Development of an
immunochemical technique for the analysis of trichlorophenols using
theoretical models. Analytical Chemistry, 2000, 72: 2237-2246.

Beier R C, Ripley L H, Young C R, Kaiser C M. Production,
characterization, and cross-reactivity studies of monoclonal antibodies
against the coccidiostat nicarbazin. Journal of Agricultural and Food
Chemistry, 2001, 49: 4542-4552.

Holtzapple C K, Buckley S A, Stanker L H. Production and
characterization of monoclonal antibodies against sarafloxacin and
cross-reactivity studies of related fluoroquinolones. Journal of
Agricultural and Food Chemistry, 1997, 45: 1984-1990.

Spinks C A, Wyatt G M, Lee H A, Morgan M R. Molecular modeling
of hapten structure and relevance to broad specificity immunoassay of
sulfonamide antibiotics. Bioconjugate Chemistry, 1999, 10: 583-588.
Muldoon M T, Font | A, Beier R C, Holtzapple C K, Young C R,
Stanker L H. Development of a cross-reactive monoclonal antibody to
sulfonamide antibiotics: evidence for structural conformation-
selective hapten recognition. Food and Agricultural Immunology,
1999, 11: 117-134.

Beier R C, Elissalde M H, Stanker L H. Calculated three dimensional
structures of the fumonisin B1-4 mycotoxins. Bulletin of Environment
Contamination and Toxicology, 1995, 54: 479-487.

e, x| %, KRB, ARIIRSS A6 771 LAy
T35, 223, 2003, 61(7): 1136-1139.

e
G

Han X F, Liu Y, Gao Y, Lai L H. Comparative molecular field analysis
of non-peptidic inhibition of thrombin. Progress in Chemistry, 2003,
61(7): 1136-1139. (in Chinese)

VLAHAS, SREE. Sibs. bilg BigRERIC AR AL, 1995.
Jiang S Y, Zhang L Y. Immunology Chemistry. Shanghai: Shanghai
Medicine University Press, 1995. (in Chinese)

Galve R, Nichkova M, Camps F, Sanchez-Baeza F, Marco M P.
Development and evaluation of an immunoassay for biological
indicators of

monitoring chlorophenols in urine as potential

occupational exposure. Analytical Chemistry, 2002, 74: 468-478.

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

Beier R C, Stanker L H. Application of immunoassay for detection of
antibiotics in foods and feed: A review. Recent Research Development
Agricultural and Food Chemistry, 2000, 4: 59-93.

KW, BIRR, MR, B, JTmR. Bin R Bk
a6 Je . EAR LR, 2004, 37: 1060-1064.

Cai Q R, Zeng Z L, Yang G X, Chen Z L, Fang B H. Studies on
preparation and characterization of monoclonal antibodies against
enrofloxacin and cross-reactivity of related fluoroquinolones. Scientia
Agricultura Sinica, 2004, 37: 1060-1064. (in Chinese)

Watanabe H, Satake A, Kido Y, Tsuji A. Monoclonal-based
enzyme-linked immunosorbent assay and immunochromatographic
assay for enrofloxacin in biological matrices. Analyst, 2002, 127:
98-103.

Bucknall S, Silverlight J, Coldham N, Thorne L, Jackman R.
Antibodies to the quinolones and fluoroquinolones for the
development of generic and specific immunoassays for detection of
these residues in animal products. Food Additives and Contaminants,
2003, 20: 221-228.

Mellgren C, Sternesjo A. Optical immunobiosensor assay for
determining enrofloxacin and ciprofloxacin in bovine milk. Journal of
AOAC International, 1998, 81: 394-397.

Hammer P, Heeschen W. Antibody-capture immunoassay for the
detection of enrofloxacin. Milchwissenschaft, 1995, 50: 513-514.
Duan J, Yuan Z. Development of an indirect competitive ELISA for
ciprofloxacin residues in food animal edible tissues. Journal of
Agricultural Food Chemistry, 2001, 49: 1087-1089.

Van Coillie E, De Block J, Reybroeck W. Development of an indirect
competitive ELISA for flumequine residues in raw milk using chicken
egg yolk antibodies. Journal of Agricultural and Food Chemistry,
2004, 52: 4975-4978.

Lu S X, Zhang Y L, LiuJ T, Zhao C B, Liu W, Xi R M. Preparation of
anti-pefloxacin antibody and development of an indirect competitive
enzyme-linked immunosorbent assay for detection of pefloxacin
residue in chicken liver. Journal of Agricultural and Food Chemistry,
2006, 54: 6995-7000.

(DefEgil AR



