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Peroxidase

2AH+H,0, —5 )A +2H,0 (1)

H, 0,38 & FH T a2 S8 A 40 1 25 490 K i A 44 A B i
— LR, G AL B AN K 1 e S H,0, N T
RUFRHE [ EE-OH, SRJ5 3 A R E LR A iR
fEF=HFITH,O.

AR NPOVSR A S b/ AR 1L 4T % (GR/
Hemin)-H,0,-3,3",5,5'- P4 H ZLEZE i (TMB) -1 A AL )
JEF 2N K A T4 e H K (glutathione, GSH)Y He &6
HAGIHLEE Ay GR/HeminfE BRI 414 F 5 H,0, 5 A4
B-OH, AL TMBA: B 2% (6= ) ox TMB. 24 GSHANA
R FZ, GSHERFEIER, Mk TMBIE L, GSH
AL EE AL A B H B (GSSH).

Wang2 NPT HGE T 4 6 B 59 L2 Bk
MXene44 K - (OFL-Ti-MN){E Ay i S8 AL P it 7% 4 40 oK
il L €2, k6 0 -5 IR 25 2% (kanamycin, KNA). OFL-Ti-MNZ4
KR 5H,0, WA B -OH, MM LTMB, Az pisst
[Jox TMBF=4), MIE s T I E 4. OFL-Ti-MNF
PEAL PR o B T ER B pH . IR B SN I TR, 7E5&E
WA, HKNAFER, B TKNAFOFL-Ti-MN#%
T =2 [A1JE 1 i S 6 DA S KINA 55500 0 4 g (AN T B 35
YEH, PR B BET, BH L T EE IR (TMB/H,0,) 2 [7]
B AR . FI FHKNAXFOFL-Ti-MN/TMB-H,0,
A ZR AR (5 S AR VE P BRCBE, WP N B i b (f ik
M5E TKNA, ZERGEFEAE 1S minNSERL, 2RI
M B ZS VLI 15.28 nmol/L~46.16 pmol/L, e fEAG M BR
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15.28 nmol/L, FESEBE A I oAy 5 075 1R L.
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Py ABEASTAE M. 38 i RSN RTAR P SR IRHIE, 1451
Cu-TCPPHIK I EME R N T8 A ALY B AL B AU 7
SR N R NUAE 7 AR B BN AL RIOR.

FET I, FRATOF X AFN IS G R ) N AR R A T
THERE, WmEL . dE RS Ko Ao
T U EAR B 4R BT AT DATE 3 E AR P I (peroxi-
dase, POD). & fLfif(oxidase, OXD). T E AN (cat-
alase, CAT) LA S SE AL E AL Bl (surperoxide dismutase,
SOD) F i Atk k.
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Glutathione reaction
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Figure 1 (Color online) The internal connections of four main
nanoenzymes
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TEAE YL ST R B R DT, BORZ A
A AR B 1o S A0 0 2SR AR T 1,
R OR BB TR A LTS e — SR AL
e, TR . Ll BER R, FIRER. =
TR RIS RAEPUER. KBRS & MR
WARPUER, FEIRMEEYUE ZA S A 1938 5
Py WBFSEIERR, R TN FZERE S AR L AR Bl
ARG 55 AU ANTR], - AN 5% SN A3 B8 A 784K
PR ZR AR 5 I A DL SR o esm B i Asdl, 20y
NEIMPIOCER: . Ak SOk,

3.1 BAM-nI W

SEAN N B T SR G K B RS I A 24 f5 i FH A DU
5. BITETTE, S8 EGOR B L R TP AR
LAY INTMB. 482K} (o-phenylenediamine,
OPD)H12,2-HR A~ —(3- L He-F I WEME-6-fii 1R ) — i 1
(ABTS) B (8745 (A1 5 e 245 ik i ) JE T 1, %
B DA b5 W A mT s de A R TR, BT
HERRENAFAPUE R R, PRS0k
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F1 HAERHER

Table 1 Overview of antibiotics

PUERE IR TP K
e HRR. KRER. FIRER THE F A AR AT 2GR
B-PHIE I FHR. LEER. KEHER IR A b AT AR
KER PR LR PAHR. iR AR A A=t
UIEZS WFE. LEE THRHE A BT AL EEMR . AR
Y e RARRMRNE L eE RELASHE R AT (A0 1) 45 1 ANTAR
A EL AR, TREER R AR L EL S
MR BinbE . RRTE. fH A FHASDNARY A K ANTA K
Hoph PR, BERER . PIEE RS
F 2 WRHERF BN
Table 2 Comparative analysis of antibiotic detection methods
A 7 12 ) B
i IR, B A AL
BINE K E AR RPPEAR, A& TR A
B HTid: REUE . Rt EAREL, &M TR E R HARRPE %, W AL
HLAk A0S WERRRE R . RLREIESE . HUTIRILSF, S8 TR AZET T

SR]STE R S B AU S R

Luan A "“"/fifi FH#% 2K -DNA-NMOF-Pt(m-L-DNA)
BREF AL & Je 251 (catalytic hairpin assembly, CHA)
HBh ) BAREA TR SO, PR T TR AR b
KNAF Lt f ks, ik & DNA HI(B & AT
1)) [ 5E B 2R (m-H1 ) FI{5 5 DNA(sDNA, S5HI1#5r4%
ZRIC K Fe-MIL-88NH,-Pt(NMOF-Pt-sDNA) Z4 35 ¥4
# T m-L-DNA#RET. 7EKNARIH ANZ JeDNA H2PEAE
IEHLT, m-L-DNAFRE /ML lim-H1/K AN Hr ]
A&, Z A f & CHA R WP Wife E i 3% (m-H 1 -
H2), [RIFFRRBEKNASEL TR (&]2). i, NMOF-
Pt-sDNAfE K2 K T LR R L TMB R (8, T
SEIA I KNARYE s, eAb, 8k e A IR e Y
WAL, 2kl iR T A S b R
PR 1.

Zhu5 NS4 T A AL T S E 2L CeO,
2K #% (boron nitride quantum dots, BNQDs/CeO,). %44
KB EA U] 0 S AR RS TE . TBNQDs S
CeO, H AR R FR A APMRIVER, A & H,0,
4L TMB. It4h, BNQDs/CeO, 40 A il 5 KNASE Sk
Boiigh & fa, TG vE I s, EoRpLEE 2

556

BNQDs/CeO, 44 K i 1) 43 F0 1 5 JEC 10 5 F1 T 385 I 3,
MTKNA R L i 3 Ao AR - S8 AR RO VR 40 s Fh itk
Hagk . INE3 AT, BNQDs/CeO, 44 K i REA # i L H,0,
e I A k- OH, -OHME— /L TMBA: s
T PoxTMB. ZKNAKRE TS FLAEM S, BNQDs/
CeO, P AKBHAER LT IVER T 2215 0 m oy, 2
L ETENLT, FEAEEZH)-OH. Ib4h, KNAERS
TMB 2 [i] 1% # B F1 43 8] AH B AR 38 i T BNQDs/
CeO, 4K B Y E A F7. Rk, BNQDSs/CeO, 40K fifi
b RIS 2R, WA INR(KI3(a)). MKNATFLE
i, B TKNASKNAGE RS EM D6, Ehs
BNQDs/CeO, 57 25, Wl i i 55 (K13 (b)). Al i
SEPR T KNATE0.01~100 nmol/LE Bl N E B2,
KRR }4.6 pmol/L. i3y By 8, mI R e
THAWAY) 53O A

He N VR AT A 0T 25, 4 T 4020
fit}(HS-PtNPs). HS-PtNPRI L5 1 AL AR5 1,
AT LAFE AT HL O, 1 I DL N A RUEL TMB R AAL.  [RIET,
AT R, SRR T L ox TMB - 5 TMB3E 4454
HS-PINPAYTE RN o, EATHIHIHS-PINPAE AL BTG P
BIRE T, BEZE ARSI, HS-PINPAEILAYTMB =4
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Figure 2 (Color online) Scheme of depicting the developed colori-
metric sensor for kanamycin detection based on the NMOF-Pt labeled
magnetic L-DNA probes and CHA ampliﬁcation[bn
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Figure 3 (Color online) Mechanism of aptamers enhancing BNQDs/
CeO, nanoenzlee activity (a) and colorimetric method for detecting
kanamycin (b) 681

FE450 nmAh Y 28 SN ST B T AL, VAR TR (A AR TR
FEAB IO, M SCIRT SRR o sl SR FAH B 1)
TREME, A A AR R I A 2R A v N K TRl 1 4 Ak
TIE, INEAR RS, SongZE N4 T 49K pk,
TEH,0, 17 1E P TMBAEAL I (57 Hox TMB.  ZEH IR
U RAFAEMIEOLT, T 2R 1 H far 45561 ) HE T4 RS 0
i, SRR LTS PRI T 1065,

BT 4 B9 KAL T, DNA G-DUsk ik gs it BAT 40
KMFHITEPE. TangZE AU YR I T — Rl T G- Uik
TRDNAF Y 18 R A5 L AR JRas, DR R 4n pd 34
K (tetracyclines, TCs). 18R, &HR. MIBRYE
MR PUM R E R, WE4FR, HINLEMG-

DUSEAAR L 1 1 DN ABGEEL A 2858 E AL R 1, 7T DAAE
H,O, 77 1E FHELTMB > Fr=E B r=4), 16450 nmAk
LA RE . PUBRZE B A T LS M 4r R a5 A
RS E LA, FRARMEILIG M, T AE450 nmAb AY4E
TFWERARR, I LA TR (0 o (25 AR, Xt a4
& SR X PUR R 2259 BRI BRAR 23,1 nmol/L, Ff-H.
TESEBRAE SR I, POPR 2R 2R 259 i - 2 DS R A
89%~99% 0], FIZITILIER MU R LWk
Wb 5AT B 0 A .

B, Lo U2 s i B i K A o R T
FH4B 24 15 (Mo-carbon  dots, Mo-CDs). Mo’ #5721
Mo-CDs T LAt it Z LK 0,51k ' 0,, KB
S50 ALY S P (X H, 0,/ Km=0.176 mmol/L).
R RPN T, ek Ry
TMB3E4HE IR0, AT TMBI .65 557 (14(b)).
FTFMo-CDsYUKEHEILIA R, AT & T—F AT
W RVTARAY L 8RS, LB RIPM0.05~100 pg/mL,
BACKMFRAC ZE 12 ng/mL. WA, FT iR ITEE,
AR TF & T e EIRaR A, AR AT T4

(a) 4111
L 1,‘::_1 .
Without Lﬁj Hemin
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G-ﬁuadruplex

P

5 Qs. 3

G-riched ssDNA
- - AN

o |

tetracyclines

(b) o@@rMB ox-TMB [;i
\j —)

Peroxidase-like =

-7 Stacking J‘,
i

4 (MU HUE(0)3E T G- DUHEARDN Azymeid AL PB4 LU (5 15 )%
PRI DU R 2 9 B P () A B Moo-C DN K RG22 7 AR
{1 S el (b) ™

Figure 4 (Color online) Schematic diagram of a colorimetric sensor
based on G-quadruplex DNAzyme peroxidase for detecting tetracycline

(a)[m and schematic diagram of Mo-CDs nanoenzyme detection for
ampicillin (b)"
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AR, SE T REEE NP . R
B AT AL . X — SR AL K T CDsA KB Y
NS L, R B AR 2 R B A 4R T — Ak
AL fEHE L AR MR DI

Chen%§ A"V i+ Au-Fe;O 44K W45 S AL My TFRE
T P AR 1) AU T o L[] S 52 P 91 B A DG AR
(clustered regularly interspaced short palindromicrepeats
associated protein, CRISPR-Cas]2a)45 513 K 4 5 Ay
PEIVER], JF& T b, R WS R
2y A 5 Jr k. — HLCRISPR-Cas12a R GEiH 1] 1
BN, B O H R I ENEE, FEJSB Au-Fe;0,
KRG, MIMTALTMB, (A4 2R 50 M3z B A2y i €5
[y, AT LGE S BE TAUH R AT 5 5. %071k
AL R SR AL DA I R IR RPN
B R DU R MG R AE Y, B R (<0.1
CFU L™ )FH& I Hei (<1 h) A A4

S Hh-RT UL 435650 i vk DRHC D7 (6 A 4G I 5 5 XA e
M, AV 20 T TR AR A PTG G
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i 52 A0 G RE TR et e A U B i 5 . X
P vE AT DI, AR s ASI B AT LTS G A A T
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3.2 Wbk
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TR B b, MRS S R A E
VEFIR I i B 2 PR e b o el sk e e ol I 4y Jt
5 il A AR A A AR S, B R — Tl
AYUIRAE S, AR 5 5 B BV B i IE L.

Zeng e N T —FhE TR 1 92y 1 %
FEH TR AR, IR AR LI REAL Y
F A A B (polyanilinereduced graphene oxide, PANI/
rGOYREZRAE N 2Rid AL SR B, A fhid b Sk 5
AR FIRE R AR TR E Y 1, fEiL
AR LI 5E BT AR 7 AR R4 PANT/rG O 4 A=
FRH AL Ak, DT SE S A DU R IR 2R

Tian%E AVF % T —Fh LT 1 S 240K
HLF(VS,/AuNPs) & A 1B FICoF e, 0,40 K i (1475 51
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Koolk, T & ERIKNAR AL 22 A g s . ]
A5 A B S H A R TR VS ,/AuNPs
YUK EMBHER M B, 456 BAEY R EKNA
1 AL AN A58 1 % JeDNA(RDNA), A4 T —Ff
BG-GB, Ak, BA Rt A b B A s 00
B8 SR AR TIRE AL CoFe, O, 48 K i 9 &1 2 b 7E 122 4% Jak
v b, BB E S HORRIMER. MKNALFERT, if
A WU B K B AR R AR D, DTS H
MR ) HL AL S S 9k (5 (a)). TERAESRMT, &
1R IREF I AL {5 5 L FEKNAVE B 1 pmol/L~
1 umol/Lyu [l N 12 R 4P it R, Kl BR AT 340.5
pmol/L. Ik, %A% B AT R AT roks B Fl s s A
3 Ao 0 UG A3 AR T LAEA T Z2 R H AR, S
Bt it o B R T .

)G, Li% A% 5 41% S (aggregation  induced,
AD-H k22 & S (electrochemiluminescence, ECL)A144
KBHE S HORGE G, HAr 1/ FEN il A1 5% % (chlor-
amphenicol, CAP)f&JE&#Y. Mbfi11E#E HAT AI-ECLEEIHA
AN HLHEZE 61K} (covalent organic framework mate-
rials with AI-ECL groups, COF-AI-ECL)F1Co,0,2/ K i
G AWE G S oet ORI, BEE, DACAP N>

MB-hDNA
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5 (UL RRRE )3 (A A% 848 1 Tl ol A AR v Al 27 K Ji 2 ]
(@)L BT FA I G 3 A R 0 SR ()7

Figure 5 (Color online) Preparation process and electrochemical
detection principle diagram of aptamer sensors (a)[m and schematic
diagram of a sensor for detecting chloramphenicol (b)[76]
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¥, TECOF-AI-ECLHICo;0, /&M i il R I il 25 1 43
FENTE A% (molecularly imprinted polymer, MIP).
Co;0, 7] LMEAL I K COF-AI-ECLIWECLS 5, TCAP
A bR T IZA5 5 (E15(b)). P, 8 MIPYE A
W B CAPRFE il AL AF KOGAE 5, MITTEEST T — Rk
ICAPKIIN 5. S1Egenfbs kot R, COF-
AL-ECL /R H AR e PE R Lk 2GR 5. BRItkZAh,
COF-AI-ECL5MIPAS &4 (it 1 8 & 1) R F 41
Ve, AL IR AN B H5%107 " ~4x107"" mol/L,
FARKM R H71.18x107" mol/L. %14 s 7E H 5
B R TRIRG PRRE i PR B T A 2R AR B A I Y i (]
WA 185.0%~106.2%, RUIZILEASFTHI T & M4
LT AR R AR B A

SongZ5 AN HE T CoySy@In-CdS NTs Z7 5 T 4544,
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Antibiotics have been extensively used as therapeutic drugs in medicine, animal husbandry, and aquaculture. However, the
excessive use of antibiotics presents a significant threat to both the ecological environment and human health. Antibiotic
residues continue to pose a hazard to human and animal health due to bioaccumulation. Therefore, it is crucial to detect
antibiotic residues in the environment. Currently, researchers are actively developing various sensor platforms, such as
chemical and physical methods to detect antibiotic residues in different sample matrices. Biological nanomaterials have
been extensively studied for their exceptional performance in the rapid and sensitive detection of antibiotics.

Enzymes are highly potent catalysts, known for their remarkable ability to accelerate reactions and exhibit unparalleled
selectivity. These unique characteristics make enzymes a primary focus of research for scientists. However, the application
of natural enzymes is greatly limited due to their inherent drawbacks, such as easy deactivation and environmental
dependence. To overcome these limitations, researchers have synthesized nanoenzymes that mimic the functions of natural
enzymes while maintaining stable catalytic activity. Nanoenzymes are functional nanomaterials with enzyme-like catalytic
activity, making them a new generation of artificial enzymes. Comparing with nature enzymes, nanoenzymes offer several
advantages, including high stability, low synthesis cost, good ability to withstand harsh reaction conditions, easy surface
regulation, and biocompatibility. In the past decade, nanoenzymes have emerged as a promising alternative in various
technical fields. Their versatility and applicability make nanoenzymes highly valuable in various technical fields, such as
immunoassays, biosensing, small molecule detection, diagnosis, imaging, therapy, microbial management, and pollutant
removal.

The incorporation of nanoenzymes into existing sensors can enhance their detection and sensing capabilities. Although
great efforts have been achieved in some reviews for the summarization of nanoenzymes-based sensors, most have only
focused on the materials or signals used in tumor treatment, biomedical applications, and few reports concentrate on the
construction and classification of these sensing units in environmental science and technology, especially in antibiotic
contaminants. Due to the rapidly increasing antibiotics, it is vital to detect and remove organic pollutants using new
nanoenzyme technologies. This review explores the catalytic processes and abilities of four common nanoenzymes, while
also highlighting their inherent connections. The four nanoenzymes discussed are peroxidase, catalase, oxidase, and
superoxide dismutase nanoenzymes. Meanwhile, the review provides a comprehensive elaboration on the research
progress in antibiotic detection using these nanoenzymes and discusses their reaction mechanisms. Additionally, it focuses
on the recent advancements in antibiotic detection using nanoenzyme sensors, and mainly focus on ultraviolet methods,
electrochemical methods, fluorescence methods, and their respective working principles and detection performance. In
addition, the nanoenzyme-based sensors have also shown promising conversion potential to detect multiple pesticides
simultaneously, which require the integration of multiple recognition elements into sensors. This review holds great
significance in guiding the development of advanced antibiotic analysis techniques and monitoring and controlling
effectively of antibiotic pollution in the environment.

antibiotic, nanoenzyme, colorimetric, fluorescence, sensor
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