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Research progress on the application of molecularly imprinted
nanozymes in the field of biosensing

ZHANG Xuan, LIU Shucheng, PAN Jianming’
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Abstract: Enzymes, as biological catalysts, have garnered significant interest due to their ex-
ceptional efficiency and specificity. However, the fragility of natural enzymes under varying tem-
perature and pH conditions significantly restricts their broader utilization. In the past few years,
noteworthy advancements have been achieved in creating biomimetic enzyme systems. Scientists
have effectively designed artificial enzyme-mimicking systems that exhibit outstanding performance
through the integration of various components, including small molecule compounds, deoxyri-
bonucleic acid, and nanomaterials. These systems not only exhibit remarkable catalytic efficiency
but also offer considerable benefits, such as adjustable activity, simplicity in modification, and
enhanced stability and reusability. Nanomachines, as a new type of enzyme analogues, specifically
refer to nanomaterials with enzyme-like catalytic functions. They have played a significant role in
the development of biomimetic enzyme systems. Since the first report in 2007 that iron oxide
nanoparticles have peroxidase (POD) mimicking activity, hundreds of nanomaterials have been
confirmed to have catalytic activities similar to those of natural enzymes such as POD and oxidase
(OXD). These novel enzyme analogues not only exhibit a wide range of enzyme-like activities and

structural similarity to natural enzymes, but also possess unique nanomaterial characteristics, making
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their catalytic activities controllable and stable. As effective substitutes for natural enzymes,
nanomachines have been widely applied in fields such as biosensing, medical treatment, and
environmental remediation. While every cutting-edge technology presents certain limitations,
nanozymes are not an exception. They encounter notable challenges, especially concerning substrate
selectivity, which is essential for effective targeted catalysis and widespread applicability. To address
the aforementioned imitation, researchers have been investigating effective approaches to improve
the catalytic selectivity of nanozymes. Primarily, two methods are utilized to achieve selective
bioanalysis based on nanozyme catalysis: the first method involves merging nanozymes with bio-
logical recognition factors (such as natural enzymes, antibodies, DNA strands, and aptamers), while
the second focuses on developing nanozymes that possess intrinsic catalytic specificity through
techniques like structure-mimetic design, surface modifications, or molecular imprinting. Incor-
porating external biological recognition elements can undermine both the stability and cost-
effectiveness of nanozymes. Additionally, the methods available for the effective conjugation of
nanozymes with biological components are still in their infancy. The creation of structure-mimetic
nanozymes tends to be intricate and requires meticulous regulation. In contrast, a straightforward
and accessible method for generating substrate recognition sites on nanozymes is the application
of molecular imprinting technology (MIT). MIT replicates interactions between enzyme substrates
or antibody-antigen pairs to fabricate a cavity that is precisely shaped and sized for a particular
template molecule, thus facilitating accurate molecular recognition. Due to its exceptional specificity,
stability, and reproducibility, MIT is widely utilized in various fields such as biosensing, medical
diagnostics, pharmaceutical assessment, sample preparation, and fluorescent detection. Moreover,
the inherent advantages of molecularly imprinted polymers (MIPs), such as their economical nature,
exceptional selectivity, remarkable thermochemical resilience, and the removal of the need for
biologically derived techniques, have rendered molecular imprinting a feasible strategy for mimicking
the roles of natural enzymes. Natural enzymes exhibit substrate specificity primarily due to the three-
dimensional structure of their active sites. These active sites are meticulously shaped to ensure a
perfect match with the spatial configuration of the intended substrate. Following this concept,
molecular imprinting nanoenzymes cleverly integrate molecular imprinting techniques with the
properties of nanoenzymes, allowing biomimetic catalysts to retain catalytic selectivity while also
demonstrating remarkable substrate specificity. This paper first summarizes the fundamental
characteristics of nanozymes, then elaborates on the conventional preparation processes for mo-
lecularly imprinted nanozymes, and thoroughly explores the impact of molecular imprinting on the
catalytic performance of nanozymes. Through an analysis of typical cases, the latest research
advancements in molecularly imprinted nanozymes biosensing field are introduced. Finally, this paper
discusses the challenges encountered and future development directions in this area, aiming to
provide theoretical references and practical guidance for the application of molecular imprinting and
nanozymes in biosensing.
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Fe,0,-Lys-Cu@MIP™"

With
Kinetic Fe,0 Fe,0,- Fe,0,-Lys- ! .
tor - Lys-Cu  Cu@MIP pre-concentration
arame -
P 4 Fe,0,-Lys-Cu@MIP
v/
max 0.39  0.52 0.55 0.68
(mmol/min)
K /(mmolVL) 150 1.60 1.25 0.06
VK 0.26  0.325 0.44 11.33

TEAN R BB 5, 90 oK i 225 3 B 38 Ak B s
Y G PR B v R 22 AR R . —Se R R W] o 1
BT 38 20 K T X A5 5 1 A A T R R AR B AR 2
A A% T 55— SE R B P A% . 73 Bk 44 K il
F4 i A 8 5 1k AN AR T 499 0K T A 288 250 R B 38 B4
B Bk T 5 G T b g oK B S R o) T A g
BRIk s A 5 B R JR R A 4 K il R
T2 1A 25 i s DI A oG o B 3 AR Ak, 20 1 BN
20 K il -5 R DL ) K AR Tl 2 TR] Bk = A TP LR . AR
IRy BRI AR AT LU v 40 0K il A Al e L
JIT AR A B 28 £ 1 RE 5 K AR A W i AE 2 EEam . X
THE S RS L pT T P RE 1 RE AT 1k B K
AT R A
2.3 5 F B 44 K B 7 A ) 1R BR SRUE R B R A

UL AR AR BEHE AL MR BEAL AL B SE 5 22 2 3T
2O, b 4 TR W R RS o JEE BRSO
] Z—o FEX—TF 5N, 70 5 BB H A M R Y
BRI AL T 95 52 7 bR o % BOR T G M
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B 285 45 0 1, BE W5 AT AR K AR il A5 IS ) =2 Tl /Y
oy T HUNAE LS o X 07 A 5 w45 949 K i BE
% 52 B H AR 23 5 B RF S MR TRUs0  DT e 25 4R T R
Yo e $E A AR AL R . BFIER T, 20 1 BB H AR 1Y
AL AL T 290 K Tl 4 i AL BE 388 D AR A2 )
e BRI I BN R~ 02 W 28 R Y 552 P 1 P 4 1
TR AT RETE -

A WAL IR Gt T2 B o 1 IR R ORI S
A5 B AR, HG v PR S R 3 o S A A R S
F Cln o 7 ok 3 e 14 ) S B0 %E B AR 40 00 RS o il 3K .
ARG 3o A 9 A R S A T O T R A
i HL AT AR B i K S8R 2 o TR T D o (RS
A T D) T4 SR S B A S R RS N )y B
155, 31X — e ff aod 8 3 e 3 AR R 5 T (0 B
OGRS B, JF AT A i A AR R B R AR
T, DT 0 A I A R . AT SR R oy
5, o3 B3I AN K T AR 23 B R I S A P R B
PEH, L AE A 25 2w AR PR S A R e i R
PER SRS o FAI, 2 T 70 1 BT 94 K g Al i A [
A A2 JEEOR B T 2% Fh 20 M 0 A D0, A0 46 7 K102
PUAER 0P AR Z BRI AR Y ) B A
(3 2) o TEAT FRATHR G AR 515 5 0 B 5 34 48

T H R I B S 4 AT L Ak 2 T DL R 2 B RS
45

I 5 €0 R ) b £ R RS T AN K il A% R
TR R R AR . g0 oK il R AL T g T
W TMB . ABTS 45 i () ) & A4 Bt 48 4k, AT
KRB WAF S o 16 OAL G, 77 T ENBH R
YK T 0 45 A 0 3 B TE TR A R S R U
feff L AE 43 B A DU b 3R A5 3 3 N o 9] 4, Zhang
A5 LA Fi ik 1K f 2 W BFHR 36 (ELISA) 1 6 A HL I
P T —Fh 3L TR A R = B3R H A I R 4,
TR AR AL /BT o % R GO A R
WETE — AR S BN A K TRL( Fe,0,@Ti0,@MIP) ,
HAE N RN IT” BT B AR T 1 = A
RGBS . AN IS A BN A i o B0 R £ A AR
V5 B I R 1Y) S e VB i, i) il £ T Janus 42
YK T FE G0 (J-Au) 3% AR LR AR IR )
fEfL G s A E T RE . Horh J-Au B8l POD 7 1, 72
MAF S O TERE AR 0 kR i R R R
FEVER, IF 4k TMB S Ak DL AE BT 46 0045 5. DA
WA o ARERIE R R 1 AT SR % = WA A
R R B R n] Ak R T L AR R BR h
0.052 wg/mL, 43 Hr &) [ & 40 min, AH % T & 4

®2 ETHTFHTHKBENEERRTHHAEN

Table 2 Molecular imprinting nanozyme-based biosensing for analyte detection

Material Methods Analyte Linear ranges LODs Ref.
AuNP/Co,0,@Mg/Al cLDH enzyme-linked immunosor- saxitoxin 0-1000 ng/mL 3.17 ng/mL [23]
bent assay
MIP/Mn-CeO, electrochemical deoxynivalenol 0.01-50 ng/mL 0.003 ng/mL [24]
MIL-101 (Fe)—NHZ@MIP ratiometric fluorescent, chloramphenicol 0.5-10 pmol/L, 0.84 pmol/L, [25]
colorimetric 10-100 pmol/L 1.47 pmol/L
DSMIP@Mn,O, colorimetric, tetracycline 0.5-150 wmol/L, 0.1 pmol/L, [16]
electrochemical 0.01-20 pmol/L 5 nmol/L
Fe,0,@MIP colorimetric tetracycline 2-225 pmol/L 0.4 pmol/L [26]
CeO0,@PDA@AuNCs-MIPs fluorescent methyl paraoxon 0.45-125 nmol/L 0.15 nmol/L [27]
MIP/Mn@NC electrochemiluminescence, phoxim 0.05-5000 ng/mL, 0.011 ng/mL, [28]
colorimetric 5-1000 ng/mL 1.27 ng/mL
MTi-MIP colorimetric glycoproteins 10-130 pg/mL [29]
0.052 pg/mL
Fe-MOF@CMIP fluorescence triclocarban 10 pmol/L-3.5 nmol/L [30]
8.5 pmol/L
CeO,HNPs@GOx-MIPs cascade enzyme system B-D-glucose 1.2 pmol/L-0.8 mmol/L 1.0 pmol/L [31]
Fe,0,@Au-GOx-MIPs electrochemical B-D-glucose 10.0 pmol/L-5.0 mmol/L 5.0 pmol/L [32]
MIP-aptamer-Fe, O, NP colorimetric thrombin 108.1 pmol/L-2.7x107° 27.8 pmol/L [33]
mol/L
MIL-101(Co,Fe) ratiometric fluorescence, vanillin 0.5-55 wmol/L, 104 nmol/L, [34]
colorimetric 1-50 pmol/L 198 nmol/L
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ELISA # A , i 5 g H A B 35 19 LA pE 35 5 A
FEVE T T RO R SR PR BIORE 5 A A B AT 5 e Tl
1E45 o BEAh, Li BN I & T —Fl 36 F 43 1 Bl b 44
KTl 1) BE T AL L R 4 R R L T A&
ORGSR A e A DG R0 X N K il 2 T
T U R A AE M, 45 6 47 FER IR BE AR, 2 S 8L T it
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AP =il | D B 1 A= 9 g = S s g U
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it 32 W1, 32 98 oK il 1) 4 A0S P AR AR 6.3%, fH L 1
P ERI T 230% UL b AR 10
pmol/L~1 mmoV/L 1% % 4§ A i B X 8] Py J& B
S ARG A, LA H BR GA E 0.227 wmol/L(fF B b
S 3) A A e T I OB T A R
JR A8 A T8 3 0 3 R K ) RS R TEAG P X SR B
AR 25 0 o Liu %1% 0 T ol b4 3635 & i 28
14 (Mn-PBA) LA 14 58 OXD 2 3% ¥ , kL35 il hy
0.2~200 pmol/L, £ i FR & 0.07 pmoV/L, [F] By H A
HE 00 T 3 R P R R A P B R B R A v Y T
MR 2) o S8 i i 2 1 R A R Re A 5
IR X P fRl B K 3 A EE SR G TC Y R s ARG I, (H H
REATIAFTE AL AL 23 8]« 5 2, H AR 9 09 43 1) 2o 72 46
B, AT 2 g | AR A 41 R A AR O
P& TR ROR s HWR, 5 YO0 S5 £ AR M, LA
Pl o35 19 52 S0 AR R 2 X RR i T T IR A IR
VRS R e 8 SR R T e AN e S R AR R )
B A T X DA R R R TR R oK . B, o T

A G AR G A R R RE A L ST B AT R
HBRE 7 Hr B A

H4C, CH,

el S
active sites
H,;C CH; N _j

Masked )
active sites

/

HaG CH,
u,nr'iuz Mn-PBAN:o@MIP
HsC CH,

B2 My FOSTRGEELE LT ELXMY (Mn-
PBA,,,@MIP) A F TCHR MM FERE"
Fig.2 Schematic illustration of TC detection with Mn-
PBA,, ,@MIP"!
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El3 FATS. aureus MRS ERENENTEREREED

Fig.3 Schematic illustration for the fabrication process and operational principle of the electrochemical sensor for S.

aureus detection'®!

GCE: glassy carbon electrode; CTAB: cetyltrimethylammonium bromide; HAc: acetic acid; BIP: bacteria-imprinted polymer; o-PD: o-

phenylenediamine; o-PDox: o-phenylenediamine oxide; H,O.: hydrogen peroxide; Van: vancomycin; BSA: bovine serum albumin; DPV: dif-

ferential pulse voltammetry.
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Fig. 4 Strategy of the fluorescence (Model 1 ) and photo-
electrochemical (Model II ) sensing platform for de-
tecting dibutyl phthalate "
APTES: 3-aminopropyltriethoxysilane; TEPS: phenyltriethoxysi-

lane; TEOS: tetramethyl orthosilicate; DBP: dibutyl phthalate;
B-CD: carbon dot-embedded DBP; Apt: aptamer; FL: fluores-
cence; PEC: photoelectrochemical; CTAB@MAPDI,: cetyltrimeth-
ylammonium bromide-modified methylammonium lead iodide

perovskite; I[TO: indium tin oxide.

3 ¥ VI A0 K il SRS AE 23 A RGP BRCA
T SR, AR A S5 B ISR AT T I A2 AR i T
SRR MY TR PR . R TR T B R A
P e £ RS E TR T 2 I RE iR & K

B 3208 165 W 25 10T A BRI o X SR RN AL R T
Iy FENIE A W RPN RE 1, 30 BE T AR E TR
AEEF . EHAEENRE, RS (AR
JEAR AL (pH Bl LR L T ) XA AR 1 E Y B2
Wi Ay 5 O TE . BARMIE TR PR, o 1 B
R W AR S 1R E P, (75 5 A% 30 85 5 o
Hh, U ACRE T RE 52 B BRI, U IR e A I Y R

R AN PR
3 it

JAE AR BT T E OIS TR A R
KBRS 8 B R IR L 3 RN, O A PR RE S R AR
Til: A0 5 9 N TR AUl AT A7 AE AR R IR XE o 20 1 B
TR AT AR B4 IO A RS T A Kl A A e AR v Y
VPR PR AL, [ I 52 B0 7 X GV P A R A O 4 L X
B R b 52 T 1 HAE 53 A A 2 U T {E (5 i
AT A7 A5 1 22 5% B I) AU 15 fifp DR, R R BF 52 AT LA
LT JUAS D5 T J& T - (1) BLAT BF 5% 32 2 46 vh 7 4y
5 2R A NS A A A L RE A IR AL T gh
oK Tl X 73 3 BT 3R A W B AR T PIL A G R DT o T
FEAW, 31 B8 29 K il TR R R R R
455 8 o Rk AR T RE S AL Lo T RN R AT
T3 22 57 o TR AR VT 3K — A B AR T BL 1 2 R
KA ST 09 B A (2) 7R 5 T BN B 94 R g (A & b, fiE AL
o S P 5 9 P A B TR A R R AR A R B R R R
ey S R M BB Y N 0K I A L S ORS 0 R4S B )2 JRE EE
A /N B85 P40 1 2 O 2 AR 235 B 38 40 K i Y
KA (3) BUAT 73 1 B 400 K il 09 45 R s 45 Loy
S AR EAR R AR Pk B2 Tk A DR
fresa WAl LB E e D0 45 07 58 5 9 AL 23 1 BN
KB P T YERE ST, B0 R AE Z AR AL IR BT S 10T 3K
9 R ELR i B0 A 00 50 5 ) I O e B i 2
B AL S Gl Al 9 1R R S, LAY 58 HLE IR 5 2
RE 2 R o (4) HE Bl 20 1 B s 24 OK 1l 7™ Ml A B2 T 9
KA T T A v 20 HL AT AR AL B o A T2
e ¢ Tt ) 390 15 A AL 7R 298 58 3 19 A AR R ST
G 1 AL, 3 Sy i B4 3 5 B 30 20 K il 14 i B 2 3t
THEZEZH (5) AR KA 19 BT FIT % o
SRINCIET 7 NIV | DN DR =i T S N
5 A2 I AURE SRR A S PR UL ) F
5 S8, U AE UL T A A T R S ] A5 A O AR
A A S ST ML B i 3 UL g 19 S50 0



5 2 3]

SRR B AN K R A ) A SRR v R

- 179 -

S 2% 3k -

(1]
(2]

Wei H, Gao L, Fan K, et al. Nano Today, 2021, 40: 101269
Wu J, Wang X, Wang Q, et al. Chem Soc Rev, 2019, 48
(4): 1004
Wei H, Wang E. Chem Soc Rev, 2013, 42(14): 6060
Li X, Zhu H, Liu P, et al. TrAC-Trends Anal Chem, 2021,
143: 116379
Liu J, Niu X. Chemosensors, 2022, 10(10): 386
He X, Luo Q, Guo Z, et al. J Mater Chem B, 2022, 10(35):
6716
Somerville S V, Li Q, Wordsworth J, et al. Adv Mater,
2024, 36(10): 2211288
Zhang Z, Zhang X, Liu B, et al. J A C S, 2017, 139(15) :
5412
Huang Y, Ren J, Qu X. Chemical Reviews, 2019, 119(6) :
4357
Karrat A, Amine A. Biosens Bioelectron,
116053
Guo Z, Luo Q, Liu Z. Chem EurJ, 2022, 28(61): €202202052
Bu Z, Huang L, Li S, et al. Anal Bioanal Chem, 2024, 416
(27): 5859
Chen L, Wang X, Lu W, et al. Chem Soc Rev, 2016, 45
(8):2137
Dong C, Shi H, Han Y, et al. Eur Polym J, 2021, 145:
110231
Dietl S, Sobek H, Mizaikoff B. TrAC-Trends Anal Chem,
2021, 143: 116414
Chen Y, Xia Y, Liu Y, et al. Biosens Bioelectron, 2022,
216: 114650
Zhang Z, Li Y, Zhang X, et al. Nanoscale, 2019, 11(11) :
4854
Dashtian K, Afshar Gheshlaghi F, Zare-Dorabei R, et al.
ACS Appl Bio Mater, 2024, 7(5): 3346
Liu B, Zhu H, Liu J, et al. ACS Appl Mater Interfaces,
2023, 15(20): 24736
Karrat A, Amine A. Biosens Bioelectron,
116723

2024, 250:

2024, 266:

[21]

[22]

[23]

[24]

[25]

[26]

[27]
[28]

[29]

[30]

[31]

[32]
[33]

[35]
[36]

[37]

[38]

[39]
[40]

[41]

Chen Y, Tang K, Zhou Q, et al. Anal Chem, 2023, 95
(49): 18139

Wei Y, Xu R, Wang X, et al. Sens Actuators B-Chem,
2025, 423: 136800

Cho C H, Kim J H, Padalkar N S, et al. Biosens Bioelec-
tron, 2024, 255: 116269

Nie D, Zhu X, Liu M, et al. J Hazard Mater, 2024, 477:
135366

He X-Y, Wang Y, Xue Q, et al. Food Chem: X, 2025, 26:
102322

Liu B, Zhu H, Feng R, et al. Sens Actuators B-Chem,
2022, 370: 132451

Zhang X, Hao N, Liu S, et al. Talanta, 2024, 277: 126434
Wang X, Zang X, Wang X, et al. Chem Eng J, 2024, 500:
156817

Zhang Y-D, Ma C, Shi Y-P. Chem Eng J, 2023, 454:
140495

Chen Y, Tang K, Wang X, et al. Sens Actuators B-Chem,
2023, 382: 133543

Huang C, Cheng Y, Zhang Y, et al. Sens Actuators B-
Chem, 2023, 379: 133222

Cheng Y, Chen T, Fu D, et al. Talanta, 2022, 242: 123279
Shen M, Wang Y, Kan X. J Mater Chem B, 2021, 9(20) :
4249

Zhang Y, Feng Y-S, Ren X-H, et al. Biosens Bioelectron,
2022, 196: 113718

Li T, Xiao L, Ling H, et al. Food Chem, 2024, 449: 139291
Zhou H, Qiu H, Zhang J, et al. Coordin Chem Rev, 2024,
500: 215523

Yu J, Chen T, Wen X, et al. Biosens Bioelectron, 2024,
253: 116169

Wang L, Wen L, Zheng S, et al. Sens Actuators B-Chem,
2022, 361: 131688

MaY, Lin X, Xue B, et al. Anal Chem, 2024, 96(21): 8641
Shen Y, Feng J, Wang Z, et al. Anal Chem, 2025, 97(25) :
13487

Liu S, Zhou J, Yuan X, et al. Food Chem, 2024, 432:
137272



