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FHEA 94%, FHTFRBmE 78% (P <0.05) ; HFUTEEFALLTEEL (P> 0.05). VLALLM E
EHREAAE R HAE, FAHRMNE KRG 20%. Lib: BEBRABEITAKERLWERBREREFZRGH
P BLA RATEY R AR 5 T RS, A BRI R E, ARG RIE) L.
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Application of Aptamer Biosensor Based on Chain Displacement Reaction
Amplification in the Detection of Enrofloxacin Antibiotic Residues
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Abstract  Objective: To investigate the sensitivity and feasibility of an aptamer biosensor combined with a chain dis-
placement reaction (CDR) amplification strategy for detecting antibiotic residues. Methods: This study included 100
animal-derived food samples suspected of containing enrofloxacin antibiotic residues, received by our institution from

March 2023 to March 2025. The samples were divided into an observation group (CDR-amplified aptamer sensor) and a
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control group (traditional aptamer sensor), with 50 samples in each group. Fluorescence signal detection was used to read

the results, and the limits of detection (LOD), sensitivity, specificity, and result consistency were compared between the

two groups. Results: The lowest detection limit of the observation group was significantly lower than that of the control

group (0.35 ng/mL vs 1.02 ng/mL, P < 0.01). The sensitivity of the observation group was 94%, which was higher than

that of the control group (78%, P << 0.05). There was no significant difference in specificity between the two groups (P >

0.05). The observation group also showed higher efficiency in detection time, with an average reduction of about 20% in

detection duration. Conclusion: The CDR-amplified aptamer biosensor demonstrates good sensitivity and lower detection

limit advantages in antibiotic residue detection, effectively improving detection efficiency and possessing high clinical

promotion value.
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BEE T REER. KRS
T2, HIRE R E SO AR TERT AR
RO, FUERAE AEE YR ANE, K
W R FE AT RE SBmIERBER M, 2P AR
LRI RES AN, B, BiErd
B F M R A RS IR TE B SRR
W, ATHETHLAIR DNA Eiilid#e, )L
HHEE R HRIXE 2, R TR AR T
W, EEREERGUAE RS BRISE TR B
2t 70 71, HA R 2 R e RIR
1R ARG INT TR AN SR (i (HPLC)
FAAHETE - BOEBKHTR (GC-MS) BEfA
B lE, HEEREER RNEK,
JRA A R R, AT 2 PR i B AT RS
ARG IMEISEFRTR R B, XRTIREHTFEL
N G BRAERG A A, B OURE I RO AT IE O
7L, HAEARICHMENETEEE 6 /N, Tk
A A M ] A RN AR I 5 3R, FEFRE 4R
R T R B SRS, RS TAN
R H 2200 ¥, UEEER, &K (Aptamer)
TN — R A& RN 55 R MR B AR IR 70
¥, BTN AT AEMERRIR, STHESE
RAEITTH, IEAE RS R RAFrE M
FREE M. SHUAMLL, EHREA S BURARMR,

feEtaE o, ATEEBIENS, HxEiR
3T HITRAIRE J1 AT IR EE /R EL 28 B2 JBE /R3] 1),
IR, AL GUIE (AL AR AR R BB ARG T R 77 1
TS, AN EREPREARTRENVER
5% (KT 1 ngmL) W, &EREIFSEER
BB, BEEHZ M (Chain Displacement
Reaction, CDR) 1E N —M{E S HCK KM, HE
fE SEION H bR OGN N, $2FHE 5 9 EE
S IE R, 1% RN JC 7 B e 5% 1 Bl Al Jd i
DNA BRI E AN SEBLE F971, fEHIR
TEIRPRIE RS SR, 8E5E PCR £OK
BiE SN R, ET I, WE—fEE
ik B S S AS S TR ML Y & AR A= P 4% S 3%,
T8 & i 2255 B A e R SR
BN R RS TT 0] O, ARBE SR P 1%L
JEEAE LR AR AN FROR, @I EuE St
EME RIS R TIMERE, S0lE HAERGUE, &
TN RR A ISR AL, NIE8i B s L iR
55 BRI & BRI R SRS E KA,

1 BRSRHEE

1.1 —fREEL AR 2023 4 3 H—2025 4
3 H BRI AN R U Sh P TR I B SRR AR T
100 3, BEAL WUIERAAFIA BRAH, B4 50
By, HA, SEREA 25 6y, 4AREAR 20 £,
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SSREA 20 73, FAFEAR 20 {77, URSAEAR 15
130 BT REA YR B A i K2 J8 320 Hb X ) 5558 7
BEgMRATY, REBLAET - 20°C#%
HRTE, HIERNETIRE EMiid RER
SEFE DACRUFAREA Y R 4GRS,
ANFRIE: (1) RIFEAR, & &R0k
FEREYIEEER; Q) HEARENE (B
LA RIREARTIRITE) briEsctE; (3) Bk
A AT 24 /NS (4) FEARRBATEATHT
EEMEMAS AR, (5) ER5eREkRE
IMEESRS,
HeBRbRE: (1) AEAR B AR 17 B skt BR
JEMAE T (2) RIFRAABCREZ 8 BAIIFEAR;
Q) ERMECEMSERERERE; @)
ALERC AT TS BT 70; (5) FEARERID
WRAR, WENEWH,
1.2 i AR AR RIER R AL
PN AR RIRH TR, RREER I A S|
N5 E R NG S R, AT & BT iE
REHEZRERS FIRRERGIER, B3
T B S N AR ORI TR B S A
o E5e, ERRIERS TR BED R
HA®ERREME, HFHIN 5-CCCATCAGG-
GGGCTAGGCTAACACGGTTCGGCTCTCT-
GAGCCCGGGTTATTTCAGGGGA-3', %74
g S ik, fEIRGITTE R TR
FEARRRIEIY B9 F. SLRATERIE AR TIE
W, BEHMBEELIRE 100 nmol/L, f#F Tris-
HCI Z1hik (10 mM, pH 7.4) 1R MK FR
BB, ¥R NaCl 100 mM, MgCL 1.5 mM
DAERFIE IR E MRS B RE T, R
HER S FiAE Zhn i E B R N EHIRE,
R BARFARRHIAE 100 L BAN, FEATE B
AR 25°C, RMVEE THERKATIE
30 735, HERSHIERTSE S, WOES
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T 5 RIRFRIC FAM (FO6ER) HRE R,
HAEgE & Birn FIa 0Ot e, Kl
B BL s FH 2R e (ORI 488 nm,
RHHBAS 520 nm) X MEA I = IR,
BOPEMERE T 04 B, B D REAREY 1S FOM AR
(LR, AN (BAEERUER
FEA) SR (SRETUERER, B
WIRARGERE, Nl kst S B M,
I 9250 1% 4 H IR — RS0 R AEAH R 9256 2%
R APPSR I RE, X B AN A
WS I T AE RN AT (0.1 ng/mL, 0.5
ng/mL. 1 ng/mL. 5 ng/mL. 10 ng/mL. 50 ng/
mL. 100 ng/mL) HE{TMAR #HZRE ., @IS HR
MRzl THEIE ML AR AIRIIR (LOD),
F38 1 A 2 LOD = 30/slope (0 N 5 b5 i
72, slope AFRERZRIZR) 15 HRARAMIFR,
NI &R =, Al inAdE B FREiA R
(WY ER, FER. BAEE, LML, M
He28) TGRSR, HHEIRIAGIZ, kel
KRG, BRI 3 I EADRN bR
7% (RSD), RSD < 10% fiAF3E R §E, Id5%
MEEAR NN A NG SHE PRI A, GEitAail
SRR, PUFASRIIRCR, MRS,
BOREARIIRGIN 3 IR, FFo Rl R HFEEM
LREAR

WSS LH R FH B BB 450 S I TROR SRS A 72 P
AhERSOCEY R, AT aiEtE e
PUARIRE @ RBAET, ZEERRGLE S
RS REE BN EEN, @ B bR Tk 2k
IRPEE RN, TEWRIOCESHE, M
SCESE (ARG NN RR S5 88 e AT

LR ZOEE =82 BRIRE
& (Aptamer) . [H Wr 5% (Blocking strand,
B). {5 5 %% (Signal strand, S) , H 1 &
RAZAEYE NI aifh 2 &4l &, FH



¥ B & % N 5-TAATCGTGATAGGGG TA-
CAGGTCACCCCTATCACGATTAGTGT-
TAGCCTAGCCCCCTGAT-3', H 51K A ¥
A E5HE S FAIEF S ARIC FAM
WG 2 A K £ B BHQL, 1B 1 5 1Y % 4
7 5'-CTGTACCCCT (BHQ1) GGCTAA-
CACTAATCGTGAT (FAM) AGGGGT-3', H
HE 5 B BHAN, HEHEEBRNHIETS B
A E, TR RER, KR S TR IE T BRI
WHAG S, I DNA IREFHAE TAEMBMDE
FRAFIE KR K, HiEik A 5FHW5 B
% 11 BU/RILIR S (B IKEN 100 nmol/L),
1E ] N 2% MK (Tris-HC1 10 mM, pH 7.4, NaCl
100 mM, MgCl, 1.5 mM) 15 95°CIAE: 5 73
Bh BEIGTEZRIR N HARRHEIY RS E NS,
e MMABWTAERNEARE, HEEERS T,
HRHESEIER A JF o REEE RN, 55
S WA 5 B B GIRIE, 5IRICREI ),
BN VAR 7 B AARFFEHITE 100 uL BAA,
ISIFEAR R 10 uL, WEEWEY 30 4380, 18
T N AR 4E R 25°C £0.5°C, {5512
KA (BRI 488 nm, &
B 520 nm), BDFEARESE 3 T, I
FEYREERE, NIRRT RT EE, R IR
BEEXNRS AN T PRI R 8UE
H5RAEIR, #EbiERIREMERL, &
B 7 MKREAKE (0.01, 0.05, 0.1, 0.5, 1, 5,
10 ng/mL), ICRA&KE N CH N 5B E, I
2ol 7 P £ o @ 2R [ TS TRR (LOD
= 3o/slope) s HIGMR G FME, FBEM, &
TUZK I TE P[RR AR

1.3 N RYESKMEEME (LOD) P&
RORAH L (HPLC) s R ySinifE, R
B = (ERHMEGIE/ (EEMEGIE + BT
BIED ) X100%, THEIFX b AL AR
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REE, WRIERERZ, #2845 LoD = 30/
slope (HH o M= A BREHAZ S IIARIEZ,
slope MPRIERMZAYRIAR) THE NAL KRR
BARKETURR, AP AR R Y 22 5

RIS R SR DS MEAR MR B
AR GEY=R=y =yic =10 |5 N 2 A NEL e 5 0)
JEEFRPUEZEMM RGN, THER RN,
14 Gt F IR A L EdE Y R A SPSS
26.0 G HEAT 0T, HFEERIA (X+s)
PR, HARIFERA (K R (%)
R, HAREECRA e Rk, RiKHERE N
a =005 P<0.05FTREFEAGIIYEN

2 R

2.1 WNIRBESKERME (LOD) Lbik fF
F SPSS 26.0 Gt 4 {4 % L AG I £ SR HEA T 53
Mro WS ZH fi FH i B 400 O IE R AR W 1% AR,
A [EIR FE P AR BAEAAS I ZE B 58 v A 2R
[, BARKMIBR A 0.35 ng/mL, TELT X
LY 1.02 ng/mL, JEITLEHIFRIEIR E - 5w
FEmR N ek, HEEMAERIREXRNES
M 7 4% 2R H Al VSR AEREARIRIE N 0.5
ng/mL (NI EAEFESER, KlthZ&kgEH
KMEREF (R=0.991), A RRHAILRMAR
N R=0961, WARTIRBEES LOD ZR7E4& t kv
KA EEY (P <001), HEEIEWE 1,
2.2 KMBS R 54F R LR WA S5 AT HRA
FEREAKG I (5] 5 B2k ZIRBIRE 75 TR E
2R, WA SRR (23.642.1)
S8, BHEETXIRAR (29.4+25) 758
EAEEMITAERFEEBN N, WRANRZ R
B EERR Y 6.0%, 23 IR T A BUZH BV 13.8%,
PR B e AL BT8R R R TR
REN1., ERRfEMRZERY ARSI EX (P
<0.01), BEAEEKHENE 2,
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®1 PMALRBONRBES LOD IR
Table 1 Comparison of detection sensitivity and LOD of two sets of sensors
(S =% g [ S g\ [ < FHIRICGRE o
|/ 485 =0 TS = (o

#3880 L o) o RN T HARE  EINCE (%)
NIEH 50  0.35 1+ 0.06 94.0 254123 14685 £ 1213 0.987 91.2
POgECE| 50  1.02 *0.15 78.0 16.9 =2.1 10324 £ 110.7 0914 82.6

t 8 8.21 4.67 11.35 12.11 3.42 4.98
P& < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01
&2 WRALRBONESHRELR
Table 2 Comparison of detection time and specificity between the two groups of sensors
" EE  RN—EMR RXRMEEE THERE (ESEEER
I / 2B 5! | )

A BB P Gnin) %) w Y T ()
NER4H 50 23.6 £ 2.1 96.0 6.0 42 78.3 6.3
XFERZE 50 294 +25 82.0 13.8 7.9 83.6 3.4

t1E 11.27 5.82 5.94 6.41 3.22 9.36
P{E <0.01 <0.01 <0.01 <0.01 <0.01 < 0.01
3 3 fiKAY LOD {EE MK & A AR RES 7 IR B

PrA R YA B e s Y
BRI, SLHEANWIEE RSP E R
Do AEGERIRE DI =525 RE e T R S Ik
FAIAN B EL A8 i P R, (B N AR R TR LE
BREE 2%, KT E B A BOA S Y P, BRI
THERMERERFEP A, ik, FF
R—MEASRBUE, s@RFIE P sy e
TIEPHRRGTUEAR, B Y BRI B 8T
R DCERE 77 [ 1),

BT R FH B B 45 SN TROR R IE IR AR 1%
AR, SEGUERMEIEARHIT EEEE, MR
BE. RREMR, 550N Rk,
AN B R AGI — B S5 2 N E T IR R GEIT
fiti, 25 RRAAREE W BRI S RV RE LA
TERTHEH, e R BUE 7T, WA R
AR (0.3540.06) ng/mL, BHEALTXT
HELH Y (1.02£0.15) ng/mL (P < 0.01), #
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RBIPTAERERYE, WEME TR, XNTF
TR 2 BRI (R B R L ), RN,
WUELZH PRGN RH P 28 =00k 94%, I m T X RR4H
[ 78%, F&5 VRKELHE B i ) B AE$2 FHRBIRE
Ji ISR E, FMbb, ST E S5 hRiE i
LR R EZ PRIt — 20 23 7 EIR
g, BEBSLENES B AR 7RG il i
KIANE, R TIRE B S E SRR, 2
S i R ORI (R AZ TR 25 CE AR 75 T
SRR N Ay (23.612.1) 7780, T
FRET AR (29.41+2.5) 3% (P <0.01),
FE PR 7 75 SR 4 R SERR B A A, ARG S ]
FI4E %6 G B TR FH L 90 @ B A v s g, JuE
JEE ISR, PUARINE AR =
LA — BUEZR O 96.0%, CV E R
4.2%, P T X HELH (82.0%, CV R 7.9%),
R ER RN AR A RIFNBREESEES



RAfREN, EEXENE, WRANRY R
B EEZRAN A 6.0%, B E T X AR 13.8%,
X FR A B A A R UE = R B R [A]IN ER
R VR R e, HLR R AT RELE T-HE B #edl
HE I X R LS SO I EERAE FIR B, 1E
il Az [ N R Y B bR RS IE RS & e UG
A REHESHS SRERIREIL,  MNTTIA RO T X E
HAR BT @ A IR IET I T
2N RN R GE RIEIR, 2 MALEE
T 3 E B B AR R U, VISR S
G HUE 6.3 1%, [FEIRZRIKX 91.2%, H&E T
MR, BUFE 7% FEEfE ARSI SE A
71, REARWIFREE R R E KIS
TRAE AR AE P AE Rk B A B A B R RE,
EEE—ERRME, &7, AR R
R TFRIEDEFEWGER, REBHRZRES
AR R AR, HIR, 1ELPR B AR
RGBSR AT AR IR 2R
B T — 20 RS RIE,

£E LFTIR, AR RS IE T R E
RN S TROK O TE PR G IR AR A AR R TR B AT
R R S R, BRI ETTE
To BEWIEARKE M MR E LB ZEL 5|
IR RS, DATRAME R TF B A,
TR R TP ER AL B D SRR SR

F PR AR A R BEAEATA B0 R,
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[ SRR . TR S RO SR
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