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Application of nucleic acid aptamer sensor in
tetracycline antibiotics detection
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ABSTRACT: As a class of broad-spectrum antibiotics, tetracycline antibiotics are widely used in the control of
bacterial infections. Due to its relatively stable chemical properties, excessive use and improper treatment will lead to
serious residues in soil, water and food, which will pose a major threat to human public health. Generally, the
methods used to detect tetracycline antibiotics are high performance liquid chromatography (HPLC) and
immunoassay, etc. These methods are time-consuming, complicated and costly, so it is particularly important to
develop sensitive, fast and economical detection methods. As a new type of biometric molecule, nucleic acid aptamer
has obvious advantages such as high affinity, strong stability, low preparation cost and strong specificity, which has

been widely used in food safety, environmental monitoring, biomedicine and other fields, and plays an important role
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in the rapid analysis of tetracycline antibiotics. This paper summarized the aptamer sensors for detection of

tetracycline antibiotics, including fluorescence, colorimetric, electrochemistry, surface plasmon resonance,

surface-enhanced Raman spectroscopy, efc, and described the latest research progress of aptasensor and the

advantages and disadvantages of various methods.
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(aureomycin, AM)SE, VUi L RZBA RIFPTH
PERE, HBARER . RIVERI/N, 8 TG A /sy
ARt HE T R S ECREE L KRR DL
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Table 1 Tetracycline antibiotics nucleic acid aptamer

Hir4 MR IE B AR 51 (5-3") B G P11 =% 2 30k
GTTTGTGTATTACAGTTATGTTACCCTCATTTTTCTGAAC 40 DNA  2.94 pmol/L [15]
CGTACGGAATTCGCTAGCCCCCCGGCAGGCCACGGCTTGGGTTGGTC
CCACTGCGCGTGGATCCGAGCTCCACGTG 76 DNA 63.6 nmol/L [16]
WIS
CGGTGGTG 8 DNA  1.067 nmol/L [17]
GAGCCUAAAACAUACCAGAGAAAUCUGGAGAGGUGAAGAAUACG
N CCACCUAGGCUC 57 RNA 770 pmol/L (18]
CGTACGGAATTCGCTAGCGGGCGGGGGTGCTGGGGGAATGGAGTGC
. TGCGTGCTGCGGGGATCCGAGCTCCACGTG 76 DNA - 5684nmolll — [16]
CGACGCACAGTCGCTGGTGCGTACCTGGTTGCCGTTGTGT 40 DNA 4.7 nmol/L [19]
GGGAGACCGCUUAAGCUUAAAGGAGCGGUUACGAAUGCGAUGACU
W% UAGGUACCAUUGCACUACGGUACCUAAACAGUUCCUUUGGAUCCG 100 RNA 7 nmol/L [20]

AAUUCGCCGC
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DI PR A% A 2R MR S AR S HAR 4 &
AR i T R AT TRV o i (e o - i
H5 BRI —E R R, WSS B IR 5F1E
R, ARSI RS FUAR R E R 7 =X, T hRid
RUFNAR AR 10 B T AT Bl AL AR o

AT A B SR, (A A HARNEM
YA FARRFFIATE I, B, &6 girid
POLFERA LA TTINE WG S . EILAE, B T9O0HRRE
1 % % (fluorescence resonance energy transfer, FRET)AJ1%
SRR 0 T DU BR B B A R AR S m AT
5 AR ARG MG R AL, SO AT Z iR
B2 2 & N TTRSE S Y =Rk | AR ) W R ]
1 R U S R SRR S A, RIS A MLt
B R B s T R R OB SEAUOR T R R,
A OB AR AR o 5- PR 3k %% ) F (fluorescein  amidite,
FAM)P | 5% % 50 B2 2% O & (fluorescein isothiocyanate,
FITC)™ | Cy3™ | Cys™ 457 Je 3k A I b i 803 i fAc
RS, VISEISOGE S mh o BT YOI E bR ic FiE
K ITREAN MR D38 A R AN 1 R, 7
L N R E TN TR ) v S i ) N =¥ S B ot D & WA DL
KM RIS . RIOK A SERERE T ICHUEO; Y
A HRYAEAER, L SERIRAHLS G, REGER A S 9K
PR 5 & 2k A, ATRHLIE FRET #1742, 51EZOGIR
52 TAN P05 —Fh i T4 4L A7 88 M5 (grapheneoxide, GO)
IKEERE B IC B DAL B R 82 2 o AR AN B R4
FZEFILAERE GO Fr, TE M =42 Es ) . Efik S B
PRPIES G IR OB ARCTEIE LM B FAM Al GO 1 2 [H] 4
W, RBEOURE . ARERAT, L8RP EmN

/VW*

/\NV* FOHBRTERN |

0 |

JE RSN 25~1000 pg/L, EwBRA 25 pg/L.

TESEBRI IR, SOCRMFEU IR TR 2E | 2O6TE
RE 2 SN PR R Sl i, DR 0 — SV R S 0 5 (02
FEARM BN T2t aR i . OUYANG %
FEk T —Rh BT 115 22 1Y L 40 94 KR+ (upconversion
nanoparticles, UCNPs) 1 i it 4t B2 6 DU £ i v DU A 3R,
HH: & B ORE M 40 oK UKD (aptamer-magnetic
nanoparticles, aptamer-MNPs) 1 % # & #b F % 1
UCNPs(cDNA-UCNPs) 73l VRS AR ST FE S 285
ARG, &AL e 5 0 R 4555 — 2t
cDNA-UCNPs R, SBmEEGRBOR R 55
SRR . TESRAE SR AEN, T ER R AR DU £ M A
0.01~100 ng/mL, # 4 PR (limit of detection, LOD) #
0.0062 ng/mL,

Fric BYIE FORAL BRES AR AR T B R S B i s Ak
hRIl, 5 ARbR IC Y I MO AL B A L A S, At 22
SR, I @ FCAAR B SR A 5 e AT RESZ 252 i&
JUAE, BRI Z M AR bR 10 BUA R I e A A5 A et vy,
FEFIF DNA ffABIGRL . BSOS G Yk &R
KBRS o T U IS RO K 1R RIS AR G-DUHk 4
SERUOL FFIGE T 2 MJEFRE TR, M HARY
BF, X G-PUBRARSE AL BUS M RS B9 R BER R, T
A BFRY 5 G-IUIARZE BRI, 1A RO LREAR. SUN
SESTgde Sy — R T G ERAT WE MBS (thiazole orange, TO)MY
AR ICE ARG A TR DU A R . TO J&—Fhidi AT
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PP DU FR R BN, 9O S o i 8 B 4 it . 4 HARY)
FEAERT, BRI S BRI ks &, 80 G-IUBikLs
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Fig.l1 Schematic diagram of fluorescence aptasensor based on fluorophore labeling and quenching function nanomaterials
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Fig.2 Schematic diagram of fluorescence aptasensor based on
G-quadruplex structure and fluorescent probe
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Vb €833 C A A% SRR 25 R T LA v T O R 0 8 R A
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YK T (gold nanoparticles, AuNPs)# # F F Lb 4,
T TG AL AR AR, OO R B S T A ALYGEL, I
s SR T v R A AR, A LY AuNPs B LA
V3 T A R A S T, I R TE R AT DR
AuNPs, #7)"Z #1 8 T b s FL AL AR i S . KIM
SERO N, T RIS T OB AT AuNPs RAER T
BCARAG AR AT I+ 25 25 . JERCHAT AuNPs HAT (R4,

PR UM L8 %5 Hoos SiE Rk s &, SBAR R D,

AuNPs MZLEA g5, HE AR AR 7 5 F A IR WL el
i3 2 AT GO AN B, 2R E T 25 nmol/L (Y
LOD ., RAMEZANI %P & T 3 F = 18U 4 F JF %
(triple-helix molecular switch, THMS)Ki il PUIR K [ Eb (/%
A, AR mER e REUERERPEE. WU
T —FEET AuNPs AT RAR A TCARIC Ho (35 i (A A%
e, MTHARZERN . PPt e ZAMMIR RN H iz
Yy, Bt ZINREE IR, LI —Fhbid: =K, fese kiR
B BT PO B 25 B R e, M ARAE Sk G 0 7 4R A
F T PR AuNPs BOSRAE KR IPUER R, %07k HA
0.05~3.0 pmol/L HIZE VL, LOD fK % 32.9 nmol/L. %1%
SR AL R B BEZ AR R, AT LU BETAL
S Mo BRAF DR AuNPs, 7 IEHL 9 AuNPs ] DL T Lo
G R T . LUO SEPTAS B 2 e B M 1) 4 49 KL
(cysteamine-stabilized gold nanoparticles, CS-AuNPs) b # 4t
HEST T — P HE (S T AL S T A 0 v DU R R 5k B A
W SLEIEBE 3 FrR, B TURRRR, A7 EH A
AARRL T 5 O B TS AR L 5 | D TR A DU R

FArent, HEERARLE A, HWE Z A AR B A AR T
iE BE & F1 CS-AuNPs 22 [u] () &% B AH B /E FH, S 3
CS-AuNPs 738, BUEABRRE WEr @, %07 A iRy
0.039 pg/mL, LHEMEHEIH 0.2~2.0 pg/mL, BRAEMRE, H
A, RSk (R, FER IR, S 9KR T2
Oy 5% BRI, AR S R AR A, 2
T HASEBRR

C:C + ANAAN —e ’
" TN
PANANN 4 [\ — ‘§C“§
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@ cs-auNps NN iRl DU

3 JET B A B0 < A AL A L (B T A A i I
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Fig.3 Schematic diagram of colorimetric aptasensor based on
CS-AuNPs

HE T i AR D) I 14 A Ak 6 SN A T L £ 5
L ARAL S B NT, I A SR AN S PR IR T DR 4 6 0
SEIL, T H T3 g A AL B 1R RO AR A B 1 R
B o KIM S5 U B F A 0 38 i A 35 R 42 3 M TG
3 A R AR 9 - F %, LOD 27 nmol/L, HA Fi4E
SetE MR E, B R AR IUE R . ZHANG
LEMOLRL T A 4K 4 (gold nanoclusters, AuNCs)[&4 ()21t
AP BEE TR T IS B I, R IE I AR
AuNCs 1 H,0, FERI M AL AR 3,3',5,5'- 0 FE kI
M2 (3,3',5,5"-tetramethylbenzidine, TMB)RJTE Pk , #6300 U R
KW ETEEN 1~16 pmol/L, LOD fik & 46 nmol/L, %77
B AR KU RE S35 0.5 pmol/L. i H L fE B & H
BRI AMERYE . FER AR AT S M, {F sl A L R A
AR B, RO — o 1 SR B o
1.3 BLFERAERSR

(2 T S04 1 00 5 L3 10 4 T
A8 IR B L T BB R ) — A RO Y
B, b 2 43 M B R A 22 43 ik wp AR 46 15 (differential pulse
voltammetry, DPV) . H, fk 2% BH $T ¥ (electrochemical
impedance spectroscopy, EIS). 7K % 7 (square wave
voltammetry, SWV) . JE¥ A% (cyclic voltammetry, CV)
S BGOSR ARSS S, TEIMARRRZ R, i
T AR PR AR TR Jh A B, T 5 | P AT R T B A 00 118 5 )
AL, PR SR, T R PREE .,
PR A A IERRC . Hi RS B ARICY), AL AR B i
FRIEER W] o AR IC B RERPRICEY 2 25
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ML FARIC AL IE B AL AR bR iC W B E A 2 Fb,
— A I, A SRS . RS, —Fh AL
TEPE, WA A . BRI AR . SRR R
WRAIKAE S . FRicY T @ A= s i . W3 5 vk
PRicEE iR b, M EdiR S Birmss &R, iy E
T B AL R AR I & AR B AR, IS R B S 1
ARk, XU SEPPHEE T SR R LR B AL A2 A SR T
AW U E R, ZTREAET 2 ARG R
H—3LTF R AuNPs 0K E A4k, H TR0k
YT AuNPs GOKE A MBI G BUAR(L AR 383 AuNPs
5B ReA 5 BB RE . (B B Au-S B, B8 e A S0
E T 22 W EURI A hie AR 2R 18, i Je 8 2ok b BT B TG 245
R, e T HEK Z 181 22 5 KA W), LOD A 3.3x1077 g/L.
LIU ZEP3E T — o 0 A e 00 70 B A 23 e A 1 S ik,
ZAG RIS LT = Y 850 0 A BB IR K 4 52 & YRS B iR
-AuNPs-HUR i S (L P A0 KBRS B+ B R R, a0
K G RN L S T U )3 FL R 5 T SR AT RS
TR R A

A bR ic 78 oAb S 30 B AL IR ES S AR I BUAE L, $RAE
TEfRf A i BARMIS IR/, 7SS bR A TR s i o
CHEN Z50UFF 5% 7 — Rk PO B 2 (4 JCARIC HL b2 18 i A
R B o AR Ak S B BT 40 T, 2 U B R
5.0~5.0x10° Z[alRF, PUFRZ A X RO BE 5 W i A% e BELLE
Z AR R o AL ISR B9 LOD A 1 ng/mL, #& Asf
(84 15 min, 7€ 4 °CF A7 15 d &, HIRARLTE 8.5% AN,
WE B % A% SR 2% BoA R4 B9 51 BUPE A mT 4 2 i RS E
WANG 454585 & = I8UiE 8 Fo R BT . itk & Je | 41 2%
(catalyzed hairpin assembly, CHA){5 5 it KA1 3= &5
FeAR, BT —Fl R T DU PR 28 2RI A A 2 T A
Feg . M EAY SEEARS AR, KAMS A = iR)E
ERCAIRE B & CHA 38 SOy, AR RRR S U 11 2%
IR 2 4~ DNA & I T i i) R B SR e L5 44, BRI FL
a7, XESFHTFEFVUIME - AR E T
WA RE, W AEES . FERERGT, 2R
PETE N 0.2~100 nmol/L, LOD flE 0.13 nmol/L. {HZH,
A2 IS AR A IR AR PR IC B B TR RE T IR A
58, X AL S BRI A A AR BER AR .

14 REFEFELIRER KL RS

A B TR IR (surfaceplasmon resonance, SPR)$;
AR FH 4 S S B A S S AT LR 4 iR 2 T A S R & A
PROYJEEE, PRINAW5r T2 26 & AEVER, ¥ SPR IS A

FI b EE AR, AT LASEBE SPROE ALIA ML - 5 BT,

HA TR C . REER . BRAER SIS0, m L4,
WANG Z5POZE L DNA 44K 4549 #1735 i Biacore T200 SPR
AUFRIT & —Fh R B SPR I8 BeIA(L A8 ] T U £ Y

R, 2 A% R Sl TS IR, i e 1] i A R v
TUFRZE BHHAE, 2] A DNA I A A4 K 4 06 25 2 1]
[ 3 PO, DA TR B 5 544 . DNA 9K 8541 &)
Fifilih . SPR ) RAER A b e Ak, 52
PUPLE | ARG A IUIRE . SPR (LA T B 59
KRB AR IR A & %7840 G T v R AR R, 5
Ab, SPRS AT Bt — Ak, DARRAR S0 A .
1.5 FREEER ST ISR AR S

2% A 9 B 2 6 3% (surface enhanced Raman
spectroscopy, SERS)H; A & —F JE F 6 (1 I sl 1tk B4 1)
TR, B2 BT AR A Y A A Y 5
B HLZGTEA L, SERS S5 & B i ) 4~6 MR A
A3 o JLAE, MENG 25575 T DNA J¥901) 3% 324 40 KR F 7]
PR 7 A A SR T — o T iy 42 3 P A A I 7K
i R R L2 55 4 FAE I E AuNPs YR,
2/ HirY OTC fiAEmt, &R S OTC 454,
S50 13 nm #J AuNPs 5 H23T 80 nm A AuNPs, 7 /55 i [K]
A ROE BRI . ESRAE R, R A
4.60x1072~4.60x10* fg/mL ML IEILE, LOD RE 4.35%
107 fg/mL. LT ZEPSB5 H — Rk T RE P 9 K BR R i T B
) SPR 3 it A% SR AGH I DU BR 38 | 12 1% S 3t e A
AE L0 G BRI AR 20 DK o AR 552 - SR PR R TR G TR P A K Bk
F, S B E AN Y 51 (cDNA)EHFE - Au/PATP/SiO5(APS)
L, ERARS BFRIR 46350 cDNA-APS Jif 8 T LIS
H, PAEREPLE(E S . ERAERNT, RIERA
0.001~100 ng/mL £ ESEF, LOD /X% 0.001 ng/mL, &
X 2 AIE B AL S T LR A SRR G I, (R AR A
AR, PR LSRR

2 FERIE

H T DU R R ISP A R0 12 0 L s 4 1 7 2
MANTH B AR, DRI N7 fy B SR A PR A DU PR 3R 2
PUERKM LI E S BRERAHA SR &
WefErE . o Faal, ke s/ NEIR, 30z i T
e AR R A WAL G PO SR B AR R, (A
SEAZTRIE LAY IS 7 TRIARL T 5 — 28R L, &2 2 o
A RES RN IE B ARS H PRI 925 52808, ST dh i 2
SEAZTRIE BC AL A R R B E R BRI R 7
TR RBUE, SR Ie ARV e se iR
RN 34 RO SRR SR AL BUE S HOR, XTiE ReiA
JSL A e Jre LA B R S [, ORI P A 1R
RACAS . B RE THLAE A 5P A I )™ bl B9 T R R e A
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