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Research progress on the application of nanozyme biosensors in the
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ABSTRACT: Mycotoxins are secondary metabolites produced by fungi, which accumulate in the food chain and
enter the human body, endangering human health. In recent years, nanozymes with controllable morphology and
enzyme-mimicking activity have shown significant advantages in the detection of mycotoxins. This paper mainly

summarized the application research of nanozyme biosensors in the detection of mycotoxins, divided nanozymes into
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metal oxide-based, noble metal-based and carbon-based nanozymes according to the material components, analyzed

the dynamic regulation mechanism of nanostructure parameters (including size, morphology, surface modification) on

enzyme-mimicking activity, and then explored the technical advantages of nanozymes in colorimetric, fluorescence,

electrochemical and Raman detection, revealing its application potential in the rapid detection of mycotoxins. In

addition, this paper prospected the application of biosensors constructed by nanozymes in the detection of mycotoxins,

aiming to provide theoretical support and technical foresight for the application of nanozymes in the field of food safety

detection, and it was expected to provide guidance for the industrial development of the detection field.

KEY WORDS: nanozymes; activity regulation; biosensors; mycotoxins
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Fig.2 Classification of MOF nanozymes
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Fig.3 Size and morphology regulation of nanozymes
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diagram of AFB, sensor



B, AF D AOREEA: WAL IR AR R P R FOR I Y D a0 79

o515 19 &l
A NlRél.(l)L‘asel:‘“ 5
- N
43000}
) gzooo-
' éiloog-éﬁ_., /eFe;O‘@NPC.UCNPs Y i
500 525 550 575
30001 P /nm ‘ DCFH
ﬂ oo /\* 27 oRUE rromomitk
§ ) ;IOO%- : Rt e
@%
= I
C
@AZ@;‘F‘(Z min)
VEWRIF T4
P ‘\C'QD /Ab
SRE AN p S/ +
i ¢ Eummww
!
HOE TRy
g Al
SEINA T 1Y
I ok
IMAFM JE 1)
1L 8dn 2%

M —
$080908c 0090800 80808od:
C% Y Y Y X S AN Y Y Y Y
new —| | EEEEOE
T4 —
ZEAHR — 3
ke — K3
it 55 8k 1B
Y %aﬁﬁii\ﬁ gm&g? >§< (PEUPSS) L1 0O ¢ AFM,

204 L

w—p> - .

ST Yok i T W ¥
FRORMI AL )
FRIEHIEFA

JCAFM,
— W ETERETHLAY
g s
i
N ] / aX
HEBEATEE IRk 4 itk
¥ v 1t
—, W
. -
e
anlthe =
1] At rpr L

i AL FET Fe;0.@NPC-UCNPs 41 2 9 K il R BRI AFB, 19564 W& AR WL &) B. 3EF (PEI/PSS), B Gy JZ M8 il AFM, 1Y
JRERE; C. 3T CQDs/Ab Ml il i S 28 43 Ml A AUAG I R, D. i i 2 BE FHL B A3 ik RGB B (43 Hr i Al AFM, AY R FTE
6 etk ik Ik e ELRA i 2 A I P v
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& 6BYFT/R, HEALTEGHERIEE 2T IEXS AFM, #H175 R

R KG M ; SINGH 55 B by # T A 4B % Bk i TR
(nitrogen-doped carbon quantum dots, CQDs)-HiikE & 1K4T,
ST DI I AFM, SRR, WANG 2505905
T T SN BERE-DOCAAKER (] 6C F1 6D), &3 M1 it S
SRR, FIFHZDOER BTN AFM, 19 AT AL E e,
B4l A5 1 &S (red quantum dots, RQD)FRic A HTIR R &
(FSQS-mADbs)- 5 4% (0 it 1 (gSQS)FRiC IFLIF(T £R)4E 4,
3 B A SN B R LL- 4O e AR Ak, 455 B THLAL
Z%i{% (red green blue, RGB)/3 ML AFM, 222 & (AR ) (4N
TP RO | RO T ) 5 A R B T
(BUMAE B R R S, AT Tl R BRI, 6 K
T 25 S (RIS . B U ) K AE R I G4t 4
SRR TSR, 5 e 5L 5T rh R 5 R
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AL 2 A% AR AR IR (5 5 8 R m] A3 S e 7 L B
A K 1k 2 (photoelectrochemistry, PEC)H 33 14 J%
a, o, e g R G e AL SRR AR I T BT - P RN AR
Mo 18 LTS B B AR R b, SR M AR R, M
FHT BARYIA I, 4540, MUSTAFA 25160152 1] £ BE g 4 >k
G150 FROGAG  H AR R A T SR AL 75 17 H 2 B e A
AR (A 7A)oi%a‘ii}'ﬂw}%‘(%tﬂ?z%*ﬁﬁ+o.zs V=0.1 Vi
HAL T SRR AR . 25 =W, e IR 0.06 pg/mL,
R*=0.996 S RAFHILIER R, Eﬁf?ﬂ%@%%%ﬁﬁ%i%
Jok o R AR G AT T 5% F R AR S BT, S A BT AR
S, SEIPLE R . KUNENE 6041 AFB, Fif-4- 1l
HAE BB EE T L-2F e 20 216 6 it ik B A,
I % PANP-BN G EHIE 7B), i i Ha i /BT R R
I, UESE BN fER PANPs L) Al s (2 e S itk .
tbJa, 1R IETEE 1~10 ng/mL (+7=0.9987), %%l
JFRECE 93%~106%., PEC &2 WKL 2 N i 15 5 i
b R S dEAr il o PEI gt T — Fp 3t T
g-C3Ny/AwWO; TohrZs i AL 2= G AL IRER (B 7C) 1AL IR
s g-CNJ/AWWO; BIRPIE N CBOT- &, FIF AuNPs
EEPUA, Hlid z RS R AE R a5 . Hoxt
AFB, [ PRk B2 35 14 1.0 pg/mL~100 ng/mL, Jf HL7ESZBR

(IR BHBTR . PEC BN EMR M REUE | ROR 2
PR, LELED) ST ANEREE I I p S ¥ T B, o &R
Fah BBt msd . e AR T 22

34 NESEMERBEEESRQNFTHNA

S H T 3R 1 B8 8 BT = HUST (surface-enhanced Raman
scattering, SERS){5 5 M AE W& s FE M febric . L. &
WA, R SRR R A A R A 2 R
ZHAO P T —Fh T Ag@Au A%5¢ 40 K kL i1
SERS f& & &%, @ o ¥ 4- 2 17 = # MR (nucleoside
triphosphate, NTP)/4- i 51 i #% 4% = #f F& (adenosine
triphosphate, ATP)#k AM%7C A HIFG @ FREbR%E, 1ML
PR Uk (magnetic nanoparticles, MNPs)Z [ 7. #h DNA
REHH S RCIR-SERS B2 2 59 . 2 OTA Fl AFBI f£7E
w, EAALSCES 63, T2 MNPs TikHisk SERS bRk,
PL2(E50ES, LIMAGERFELRM, REEL pg/mL K.
LI %5 7 —Fh LT DNA 4K il AgNPs 1) SERS {4
AR AFBL. ¥ DNA 43-F1 5° satnic-SH, @i
Ag-S Hk DNA PRICTE AgNPs 21, 10 £c54% DNA %uiﬁ
Pt 5 414 5 DNA 4K . AFB, fE7ERT, & BoiR4s 440
B, BEIRAA AR S5 40 1752 — 4% DNAJE 2R R, [ AgNPs
H4E, SERS {551y ig . 8 W55 28 A SC e /A .
5 A SERS fLEARAH LY, Z kR BUE R f55E, H
EACIREIG AgNPs FERY . 5 BFTiR, J6T SERS HA:4f%
SRR S ZE A WO MR R M Ay B RR, B RS
TR BE R M = R BRI L T Z R AR R R, R

R AT R R AP PERE . 25 DT, s ik TR A R | SRR L ERE, DRI R
IR SRR ARG mapy ADEAR B T
A g oM - ammw O wiemSgE R K R
—— L]} NH,
S\HCOO:«' % LI
22" 42 ‘
Sy e i
R et o= \A \m\e
SATIRAITE
‘i"' \ (oor .
3 RGN
§$'|‘_‘JI’[< r \ ﬁ;:z.',T 4 \-
WO,/CdS WO,/CdS@PDA WO ;céé@pDA/Au
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ITO N ! Y 1 *® ? \? \?
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\7/ \gk;%)/ \\a \;'\l' Y N~
\d \s
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Fig.7 Application of electrochemical biosensors in the detection of fungal toxins
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