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FETE A BRI e S R B S UG VE FE L T FZDR M k. S5 B PURE TAE RS N2 ng/mL, S AEPUAARM B 15 5L
1500, —Hism Al R BN E2H60 min, —Hudedd B (245 min, DY AR i e A 2 6 1 18] 2920 mine FZD
K MAR T Z7E 10~ 100 ng/mLiG Bl AT B 2R E S R, 1CH N13.01 ng/mL, & HFRN1.28 ng/mL, B ZRK
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Establishment of Enzyme-Linked Immunosorbent Assay Method for Detecting Furazolidone Based on

Single Chain Fragment Antibody
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Abstract: Aim: This study aimed to develop an enzyme-linked immunosorbent assay (ELISA) method for detecting the
residues of furazolidone (FZD) in animal food. Method: The indirect competitive ELISA method based on single chain
fragment antibody was established. Result: The optimal antigen mass concentration was 2 pg/mL, and the optimal antibody
dilution ratio was 1:500, and the optimal reaction time of primary antibody, the optimal reaction time of secondary antibody
and the optimal reaction time of TMB were 60 min, 45 min, and 20 min, respectively. The good linearity was seen in
the range of 10-100 ng/mL of FZD, with the IC, value being 13.01 ng/mL, and the lowest detection limit (LOD) being
1.28 ng/mL, and the recovery rates being 73.38%—84.52%. Conclusion: Compared with the monoclonal antibody against
FZD, the detection kit based on single chain fragment antibody displayed wider detection range, higher sensitivity, better
specificity and detection stability.
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YR — BRI e AL — . A EERRE
R — RN AR WS, R RIFN
PUER i R G EAY, W Z N TRE . KPS
FEGm TR 5697 BRIEIEER (furazolidone, FZD)
SRR RN — R, T HEAENB0E. R
AR RIE RS, RELE200256 H A N1 sh P 1 27 h 4%
LA IIZ5%0, I ST & S A AN A H T,

HAi, M TRIMFZDTES )P & & ik = 107
B NOCEEVE . R AR R -
Jo I R YR IR G % IR B B2 587 (enzyme-linked
immunosorbent assays, ELISA) " 5 Gy idde,
FE G AL AV AR RE EAT KRG A I e Sk, (R &7,
AUAC PRI, #RAEE A, Joikim 2 PR I R AL B A
(R ZRMY S BT PR HUAR SN F ELIS A S5 PO 432 43 BT
D7 SRR T B A R S M s A A T, BN
PRI I AR 5 24 5% B A DG ST #A 2. W1Zhu Huaping
ZEUONE 1o R 2 5% S ELISA KA MIFZD B H AR 13-
Fe-2- &M LEEH (3-amino-2-oxazolidinone, AOZ) , fi
MR 2.0 mg/LAN2.5 mg/L. A4S 57 T a4 5% 4
ELISA R 5E £ it R Wl & WA ) 1) 5 B, 2P 4]
W (the half maximal inhibitory concentration, ICs,)
fE91.86 ng/mL, & nbs B ZHT5.6%~112.2%.
A EEVIER- (4-REFTVH ) -HHE-2-%
W LERR (3-{[(4-carboxyphenyl)methylene]-amino}-2-
oxazolidinone, CPAOZ) FIHTAOZM] 5. o [ T4 1 FE i
£, RIS T ELISAK A& . H P CPAOZAG I
FEAEL.0~100.0 ng/mL s Fl B A BAF L, 1C5ME A
14.6 ng/mL, PR N6.56 ng/mL; AOZK MR 7] & 7E
0.5~12.5 ng/mLis [l B A RIF£t, 1CsfH43.9 ng/mL,
R R M0.45 ng/mL. BRI 57 T JIFZD v
PUARELISAK I 77 7%, HoAs a9 10~500 ng/mL,
IC4fE M0.06 pg/mL, 1 HiFR 46.92 ng/mL.

SR, A% 5 VE B AT 4 2 75 RS A L P Ak,
FLI] £ 32 SR F S % sh W) 3R AR 2 e I Bt A L 37 m % AT R
ARG R wESA. (B2, ZrEALaEREA
KM KR —, Rz, TESelize Rt
BEAPEY, MR BR AN . REUER.
R S MR AR B R AR A, SRR, K,
I FH 76 B 32 3 R B o FRORE A = N A R SR K
PE RUEERIK (Linker) #HiiAHEE 4 X (variable
region of heavy chain, VH) Mg 4 [X (variable
region of light chain, VL) M EMAFA ™, ©AR
BEPUAREZEX, EAGERIHMPUE S5 9E .
P se B st B i, R LR R o R RN,
GPEVEAR, FIE S BRI P, N O
BB K, R FER AR, gk 5 o)

il 2% 7 A R S JE M R U A IgM R R LR, AL
T MEZELISAKC I 53, B PSSR 5 2503 /N T
10%, FTEESL 7k B AR e M R ARSI d T
THE T HIFZD A FUR I R 52 S ELISAKT M., 4
H 53T Bod YU A OS5 R AT L, AT R S
FZDHMRERAS . 7] B 5 1) G e DRUg R Il A H 00 S F o

1 ME5)H%

L1 MRS R

FZD BB Huk o Wk e e i X9 OF 38 H 8 A4 B0
(furazolidone coupled with ovalbumin, FZD-OVA)
A S 5 ) 4 DR AE CERBE P 1) £ J7 7[R SRR 291D
FZD. "I E Wi (furaltadone, FTD) . WIR [
(nitrofurantion, NFT) . BRI PG4K (nitrofurazone,
NFZ) . @%Hk (semicarbazide, SEM) . AOZ  {&[H
Dr. Ehrenstorfer GmbH/A #]; HRP#R i 1T His-tagpr ik
Je[E AbcamA ] ; HRPARICFEHINRIGG (H+L) k[
Thermo A w; PYHEEEANZ (tetramethylbenzidine,
TMB)  dbmRIRAF: ikl HERD A,
12 {58

SH-10002= 3K Bpri  HACoronaA#]; F7KE
IRIG IR DHK-501AHIETR/KME Bk E A w);
XH-Clheii &ras W MR A IR A A
1.3 J5ik
1.3.1  AIVEPESCRVHLAIISEAN J1 43 B

T o A 45 5% G ELTS AV 43 it 4l 4K Ji5 1 B8 B B A4 1)
M. 1) 10 pg/mL FZD-OVAW i fEbrtR, 4 Cit
s WEBEHER, %0.05% Tween-20 /) BR £k 22 i il
(phosphate buffer saline with 0.05% Tween-20, PBST)
VER3 K, 5 min/ik; SPRI B RE WIS LR, ek 2)
I—40: bR ISR LU R IS 5 IR 92 b LT T
(phosphate buffer saline, PBS) FB: 1 ScFvi A& & &
WA, 37 CHEE2hEIMR, 100 pL/AEFL, [R5
PEXTIE L BPEXTIEAN S B HEZH, 37 CHEE2 hy il
WA, VEWR3 R 3) In=Hi: BEALINAHRPERICHIHT
His-tagfif& (1:5000) 100 uL, 37 CHFE 1 h, ¥EHKTT
EF e 4) B FFLINAL00 pL TMB, 37 CiEG
230 min. &FFLAIA100 uL 2 mol/L H,SO &, 1k
N, ARG 52 9% K450 nmAb TR IE (Aysgm) o 5)
GERHE . A FNIAR, LAFZDI R IR L % 5
RS, TS ML, Lldys .l A BT HIFZD F
PUAA SFZDIITE 5 [ NG OL, I 5% 4K ) e e 11
PABTFZD%s 5 1§40 FZD 1) 5 4 40 ) 22 A P A8 bR, B
FZD 5 5 £ (R0 BB R AA b, 2 ) b v 5 5 1T 2K
TERRAETE S h 22 T8 HH M1 22 50% I V8 5 -HFZDHY
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FRUE R IR B A 38 G I R IC . S5 AR, MIHIRIZA
(D Q) itE.

A—A.,
it %% = _Alf‘ X100 (D
0 S|

b AN [ i 59K (1 SIS VI FZD (1 W 5
(Aysoum) 3 AN B INEVIFZDIWRIEE (Aysgam) 5 Aoy
HNAINERYIFZD . ASINHT g FIIERE (Ayso )

i/ %=100% — 25 & F 2
1.32  ScPvHUIARIIAS XU B S5 Bt

/A FTD. NFT. NFZ. SEMUL K AOQZIXS Fiidh
FRAL AR HE TR AE LU R R, AN PR IR S0 pL 5 4%
EFIScFvPLR 137 ‘CRM2 h, HA BRI S
ELISA. #J5PAFTD. NFT. NFZ. SEMMIAOZKICs, 5
FZDICs, A 73 LE W15 1% BB P4 5 & S5 M AU I 22 XL
B A X RPBIEREAN (3) THHE:

iy&m%z/%:mm%xloo 3

50,45 K 281004

K ICsq N M FZDXT B MLIE 1) R A 50% 0,
FZDFIFRE R B SE/ (ng/mL) 5 1Cso sy N AFZD%
P AT T I35 0 1) 2608 BS0% T, FZD 45 FZRAUPI I
PRUER R E/ (ng/mL)

1.3.3  HIFZDE IR S 2 kil 77 5 i g 57
1.33.1  FAEEHPUR A B HUAAR T AR BT 2R B i

K7 FESEEeyk, ¥ E A % FIFZD-OVAE A
B HL R A PUFZD S SR B R FIMERE, Bl R
By BB N10. 50 24 1. 0.2 pg/mL, %100 uL/FL4
WeERFAR IR T, 4 Cl i FABARYI37 CEFH3 hs K
BEHUARYEL100. 200, 500 1000, 2 000 f&#5 8 J5 I\ g
b . HAGPIBREL3.19 . ARIER ISR AE, e
SE B 5 A () AL R RN B B ) SRR R A E
1.3.3.2  —HusfE I S ) [

BB IR, 4 CRER, Be¥3 s 95 &t 1A
3he WeiJa, AalMANEIRESAE (RS %) K
WEPUA (FR20 f5) « PSR (BFRRIE M E
H) « &A (PBS) (B3 MFAT) « WE—PiM
ISFA] 73530 930, 604 120 min. H 425 1A (]2 ELISAJ
o ARIETEHUIIA 50 nme  LLEFESS NI [] BT 45 B0 82000,
T i€ — PR SR A FH I 1]
1.3.3.3  Hum AR B A] () 58

A, B, R HUR SRE SON I TR AT RO
—PURIREEE 5 1.3.3. 27 A H] o 91 ¥ 8 B 1) S N (]
930, 45, 60 min. H PR WHEZELISAT % MR¥E 1L
B A s s FLESE S AT B BOKT 65 SRS, 58 i
FER ]
1.3.3.4  TMB & 8] 1 2

TERAR PR PR TAE R SR — PR B

PRI R SRR, Al v e R U (R I AN TMB S
37 ‘C M5+ 10~ 20 30 min.
1.3.3.5 kil 7 v ks s BR 23 b

MALHE 10 bk FBEHLIERE 10 AL, IS0 uL=E
FRAE S ANS50 nL R R 21 TAE BT S S I PTFZD S Hi ik,
N FH 8 ST () 18] 32 55 P ELISAVEHEAT I 52 « SRA510 LM
PRAE SR AE 22, TERRE Hh 28 % B3 A Am itk 2274, (P Fs Ak
i TR IR B RO I VE R R PR, AR = AR (4)
(5) iHE:
YA,

Ay= Y]
kR — Y(A,—A)’ (5)

n—I1

K ANEIFLRMEZDIIWICE (Ays om)
ANi NI E (Ayso ) HIPFHAME.
1.3.3.6 3354 ELIS AR I 7 V2 ks 25 )5 ik

B3 ANAS[] J5 B VK B (I FZD AR UE S, 3EAT ) 42 3% 4
ELISAZr#T, BNREWRER R Ko, 65 Wl
SE I E, SRR S5 REL
1.3.3.7  FESINFREE

2 A AR R AT B R i, R AR . IS R
FEST50 mLE O F, $%10.0. 50.04 100.0 pg/gi
T 43 A NN IE & (W FZDARE S o SR JE I - 2
(3:7, VIV) $EH0GH, RIZURY30 min. &5 — B[]
Ja, BOR EEWEHTIE R OrERSCE"D o fFAH
F R A K A #E5e S ELISAERH TR . )5, ARIE
FZD e 4+ iMdibnE th 4, THE AR mics .

2 ZREH

2.1 ScRvHURIIZEF 1153 #r

K FH B 82 58 *ELISAVEL, RIScRvHLR IR /7.
PAFZD-OVAfE Rt B, S5 S PiEFZD e §+ 45 &
PR S G AL MFZDIR &R EE10~100 ng/mLZ
[V, F0 R R R SC R, LAFZDs i ik
(X EE AR AL R, HI R AKR, A bRt 2R )5
BEILMEITFE: y=42.24x+2.930 2 (R*=0.9902) , 441
HIR AS50%F, 1Cs,fH A13.01 ng/mL. [ <" %
(BT B A, LR PR BB 10~500 ng/mL, 1Cs,fEH N
60 ng/mL, 52 AHLL (AR BITHE I FEAE &
FES AT A EE VR —FE) ARSI BT ) 6 1 B R DA
IC,ff 5/, RBUZH &
2.2 ScRvHURINZAE SR 5 B

PAFZD-OVA{E N #4715, #FTD. NFT. NFZ.
SEMAIAOZ S il fis LM BE, K R #%2 5% S+ ELISAVE K
W, 5 HEPFZD B HFIAFZD-ScFv 5 £ FZD 45 #4254
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MIILIC fH, WHEHEZXIRMNE, WMRIFR, FH
FZD H4E i RFZD-ScEv XS F il 3wk i fp 42 R 1038 X
SN R T 1%, A5 R b 85 FR i Al )
il & R TT B PUAM L (B8 R MR ETF0.01%)
R bR 2 .

#1 Yk SFZDEHRTMIIIZE X R Bt HIXT L

Table1l Comparison in the cross-reactivity of antibodies against
analogues
e X PEEE P
FADE R EREDLIE ERB R
FTD 0.16 <<0.01
NFT 0.03 <0.01
NFZ 0.10 <0.01
SEM 0.08 <0.01
AOZ 0.22 <0.01

23 EAERPBIRAF I E
23.1  EAREEPUR K S B AR R SRR
K 75 B 7 R A ) A P B AR B S B
PR SRR R M E e S ELISAN 2, 19t it
B R TAE BBk T 2 ng/mL, 7E A 5 vk B 44
T, PR RSB 15000 WOGE (A,50 ) E1.0FF
i, WOEFEL S00E NPk s EM R4k
232 —HUEAE R A (R ST
2 pg/mLIFZD-OVABBE BRI, — B 5N
FZD-ScEv#iBesS {5, FZD-ScEvAB20 fi5. BH M0 i
(BJRRFREREA) « &H (PBS) 4 M. 2
7£37 ‘C B30, 60, 120 min, —Hil¥ &1 h, TMBE
30 min, WENFTR.

Rups=1.42
2.5r Ry,=152 £ -
2.0 Ru=1.34 =20 f%
= = =k

1.5 == =3
3 =
= 1.0F

0.5

0.0 e | o T e |

30 60 120
[ [8]/min

B1 —HiRBEENERE

Fig.1  Optimum reaction time for primary antibody

BRI LR, B S B (R K, IR B
Wi FH & . BRy= (A,—Ay) | (4,—A) , FHhd, N
BES REMIMBOGIE, A NFRRE20 R IIROGEE, AR HITER
W R o B 2 TR R IA 1) B RO FEE B T (] 3
30 minffM O 50.147, 120 minfIWOGEE 40.223. 30,
60+ 120 minftf, R MBI A1.34. 1.520 142 Rypoqomin
EHiK, H2AXIRAL, Fik, —PiR P60 minfkf.
233 YRR S [ A ST

—PLR P60 minfE, MIANZH037 Co 5l 30

45, 60 min, WIE2f/R~. fEX3 AW, B
SN TR R SE K, WO BE ST T, 60 minf IR B ik
e, EHERWERN, RypsmlBBK, FE™
YU A SN ] 945 min.

25

30 45 60
i} TR /min
B2 hiR R RS

Fig.2  Optimum reaction time for secondary antibody

2.3.4  TMB O [a] (KT T

Ra,=1.58
Ran=1.60 Ravs
2.0r Ru=157 T
LofR,, =154
12H
2
=0.8H
0.4
0.0 oL

Ej‘IEU/mln
FE3 TMBR Rl ] %5

Fig.3  Optimum reaction time for TMB

— P60 min, P45 min, F3 A5,
10~ 20, 30 min/5, WEBHIR, HREHAFERES &8,
30 minf WG RE fe i, N1.906. BEZE (O R ) IE K,
W G A I T ORI B TR A, {HL I £4.20 min N30 min
B FE ZE AR, AFR s 20 min N T Rapszomins 1IN %5 T-1%
PR SR TP I, 20 minRI T .
235 KEHRAHT

B U B AR FLAR H BE WLk 10 AL, de @ LG
M) T6) B2 5% 4 ELIS ABE Ui AR i (1) S 56, SR fs10 4
AP HETE, TERRHE 2R X B3 A5 bR 22 /4, 10 b 1
il B VR RS B R I R R PR . E T R0 3 A A
ZE 1A BT A L A ) ZE A0 HY R D 7.47%F11.28 ng/mL,
I 5 R 1 A 5 O ) 45 P BUFZD BRS04 AR R B4 L
BANR2FT7R o A SIS ] 45 () PLFZD S5 Ji A Ao PR BE
fiX, KMYESRBE, BEREME.

£2  BEHBRIEI L

Table2 Comparison in the detection limit of detection kit among
different antibodies
Ptk 3 bRtk 2 A0 BRI %/ % KR/ (ng/mL)
SRS 7.47 1.28
S AT 9.34 6.92

23.6  [A1BEEEGELIS AR I 7 V0 R kS 25 i 4 B
EE S IRFZDI s 3mm dh 2k, SR H3 AN ER
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B, BB EMS S TAT L, DRPAT LIS EAE N
BRI ST B4, X LS R K3

£3 RBEENRALER

Table3  Test of detection precision of detection kit based on
single chain fragment antibody
o FZDFrifk i i 53 FE/ (ng/mL)
100 50 10
2/ % 90.08+£3.02 75.12+2.67 45.17+2.08
AR S Z 0% 3.35 3.55 4.60

e AR AR T L.
4 BEEMNHLER

Table4 Comparison in detection precision of detection kit among
different antibodies
BN T 3515 721 %
BB 3.83
SR BT 6.54

HiGR3. ATTUUEH, BANREIRERM TR
RBEIINT10%, “FHIRZEHN3.83%. X LR s
SERRCIN TIPSR 2 N, R
237 FEAIIAR BN I 25

EA S FZD B R 43 0 i N FZD {3 7 hn &
N10.0. 50.0. 100.0 pg/g, FEaZIREUSEATELISA
R, AR EZRN3 ), T E bR ERE,
GERON LS. B B ox, FZDEES RN b B iR R
73.38%~84.52%, L5 RZ%6.81%~9.41% . 1 FR1H
At 2 OB ) A5 B T B PR I FZDRE S 0 AR B ISR N
76.84%~88.31%, 5F Z2%$19.36%~15.79%, L
FE S bR IS8 22 AN K, (B A S 58 i i 19 FZD H 4 bt
AR 5 REE /N

#5 FZDinisEIfcRE; R

Table 5 Recovery rates of FZD from samples of detection kit based on
single chain fragment antibody
FZDiR n &/ o i Y 5B 2
Gigp) P Gl Wi RRRUR
10.0 8.12 81.20 9.41
50.0 42.26 84.52 6.81
100.0 73.38 73.38 9.24
F6 ksl R LR
Table 6 Comparison in recovery rate of detection kits among
different antibodies
EANES s EIWSCR % A5 Z U
LGNS 73.38~84.52 6.81~9.41
LT REHT A 76.84~88.31 9.36~15.79
3 & ®

F 264K 5 S A5 Y 58 B 044 57 1A] #5258 S ELIS A
0 5 3 B RS I Y5 Bl N 10~100 ng/mL, ICsfH N
13.01 ng/mL. S5FZD#5i#J2%) (FTD. NFT. NFZ.

SEM. AOZ) KA X RBZEBI/NTF1%, 8] a5k i
RIGE R TR S

BT T BT PUFZD HUEE PR I (A 42 55 S ELIS A K
WT538, BeEEPUE TAER =R E N2 ng/mL, fEEHT
R N1:500. 7E—PLRM60 miny —HLR ML
45 min. TMBE 120 mins& {4 F, H5E&5 246 H R K
1.28 ng/mL. Fr@ i 7k EIER L, FREN
3.83%, JNFRIEIE HT3.38%~84.52%, A5 RZEN
6.81%~9.41%.

i BRI, AHLCER SRR P, A0 ) A5 1 SR T
RIC ARG H PR BN, SRR ZERUN, AR RN,
FESOIAR EIS e ZE IR, BARAS XU B 3R T 50
BEpUfR, (R DA R R B R, HRBEE A, Rl
YO, Fase MR

I FH 2 R AR T B 46 B B B o e PRGSO
WAL S R F R E AR, i, Hosaidry
AR, A BT I T Y, FR A S T Ead DU T
AR & PR, 5T Pk i) Fae s il 7y i B 5
T 2 R 1 R A S i

2% 30k
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