=5 ilH 3 1k

Acta Materiae Compositae Sinica

EMRFB S RATIERE S WHOKRIE R A YERMIUIE M AP R
R KRR A A A48 T4

Research progress on the applications of gold nanoparticles@metal-organic framework composite
nanozymes in biosensing and antitumor

ZHOU Bowen, ZHANG Rongyue, LI Nan, QIAO Juan, QI Li
TELL L View online: https://doi.org/10.13801/j.cnki.fhelxbh.20250305.006

AT ARG A SCEE

Articles you may be interested in

BT R APRER BT RS & 5 NI E e

Research progress in the preparation and application of photonic crystals based on metal-organic framework

BAMEER. 2021, 38(10): 3162-3170  hitps://doi.org/10.13801/j.cnki.fhelxb.20210531.003
BIR-AE YR SRS L 4RI R S

Research progress and application of metal-organic frameworks antibacterial composite materials and fibers

A MR, 2021, 38(8): 2396-2403  https://doi.org/10.13801/j.cnki.fhelxh.20210507.001
B B AU R SR ik . BINe T KN TR ST i g

Research progress on synthesis, theoretical calculation and application of ionic liquid/Metal-organic framework
composites

HAFHRIER. 2021, 38(2): 298-314  https:/doi.org/10.13801/j.cnki.fhelxb.20200825.003
AR EL L JBmPOKRT G AR £ K FLR FHESY it e

Research progress of preparation and application of lignin-based metal nanoparticles composites

A MR 2020, 37(11): 2657-2673  https://doi.org/10.13801/j.cnki.fhelxb.20200714.001
YRR IR IR B ) R B 1 B R O 7K 777 i 1 P41 7

Biosynthesis of silver nanoparticles/polyvinyl alcohol composite and its antibacterial activity against six aquatic pathogens

A MR, 2021, 38(11): 3808-3817  https://doi.org/10.13801/j.cnki.fhelxh.20210210.006
GUARFR B IR A B I G RUE R 25 2R i 5 i e

Research progress of nano—hydroxyapatite and its composite materials as drug carriers

A MR 2020, 37(12): 2953-2965  https://doi.org/10.13801/j.cnki.fhelxh.20200814.002



https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20250305.006
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20210531.003
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20210507.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20200825.003
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20200714.001
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20210210.006
https://fhclxb.buaa.edu.cn/article/doi/10.13801/j.cnki.fhclxb.20200814.002

FIREMBEARAS, FREZHINGEE



§é$j*4$*ﬁ Ea3E O FIM 1 H 20264

Acta Materiae Compositae Sinica Vol.43  No.l  Jan 2026

DOI: 10. 13801/ j. cnki. fhelxb. 20250305. 006

EWAKBH @ REVNIERE SWNKES
B EEYERATINEN AR iR

RN #5034, A0, F8°
(L AbE AL T4 B FibbkE 540 T 2508, dba 102617; 2. hEBMEREALABIGE AT ISRk S 2
Lo FRHE R BT L, dEET 100190)

 E. ETE&BEAYMESR (MOFs) B 9K I 2 —FhlE KRBT, BEA T MFLEER . &0 R E L
Gy 16 19 2% T B AR HUL I ) A M RE S5 R A o TT &2 9K BURL (AuNPs) &4 ) MOFs (AuNPs@MOFs) & & ¥ 7k
J& MOFs J: R K EE I EEMIS 2 —, H AuNPs LA &0 2 M4 8 TARILRAUY ., 7T B AuNPs@MOFs &
A W 4 N T A 2 T G 5 P 2 B (SERS) I #2 71 SERS (553, K tk, AuNPs@MOFs & &9 440 K i it
AERGIE T U H T S, AR EEMLA T AuUNPs@MOFs & & W40 K BRI iUkl #7512, 3T T &
10 3 FP2Em G ALl . 28RS S &) MG TEDLE], AT BT R E & WA0K A
A A AN R N P ST I STk I, R — 2B R EE T AuNPs@MOFs B & W1 40K i A A o & SR A 34
X$EE . AUNPs@MOFs 5 &54); DUOKHEE; JSEEGE; AL bl

i E 4y 2S: TB332 XERERRRS: A XEHS:  1000-3851(2026)01-0001-11

Research progress on the applications of gold nanoparticles@metal-organic framework

composite nanozymes in biosensing and antitumor

ZHOU Bowen"?, ZHANG Rongyue', LINan', QIAO Juan™, QI Li*
(1. College of New Materials and Chemical Engineering, Beijing Institute of Petrochemical Technology, Beijing 102617,
China; 2. Beijing National Laboratory for Molecular Sciences, Key Laboratory of Analytical Chemistry for Living
Biosystems, Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: Nanozymes derived from metal-organic frameworks (MOFs) are synthetic enzymes with adjustable
porosity, high specific surface area, modifiable surfaces, and catalytic properties that emulate natural enzymes.
Gold nanoparticles (AuNPs) modified MOFs (AuNPs@MOFs) composites form a significant category of MOFs-
based nanozymes. Importantly, AuNPs exhibit a localized surface plasmon resonance effect, which can enhance the
surface-enhanced Raman scattering (SERS) features of AuNPs@MOFs nanozymes and amplify their SERS signal
intensity. Consequently, AuNPs@MOFs nanozymes have drawn increasing attention from researchers in recent
years. This review focuses on the summarizing of the synthetic protocols of AuNPs@MOFs composites, their
enzyme-like activities (such as peroxidase-like, oxidase-like and catalase-like), their advancements in bio-sensing
and anticancer, and discussing their future prospects.
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Fig.2 Construction of AuNPs@UiO-66-NH, composites
by in situ growth method
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Fig.3 Schematic of the synthesis of AuNPs@MOF(Fe) composites
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AuNPs@MOF POD-like activity

Low POD-like
e catalytic activity
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' H,0, ROS ®
: x o

xve © o x l
AuNPs@UVD-PH ~ * 4
L

Enhanced POD-like
catalytic activity

U—Ui0-66-NH,; VD—2-vinyl-4,4-dimethyl-2-oxazolin-5-one
%16 AuNPs@UVD-PH J&/i i} [t AuNPs-on-U@PH ¥ & /2% POD
LA MR R
Fig. 6 Schematic representation of AuNPs@UVD-PH demonstrating

higher POD-like catalytic activity than AuNPs-on-U@PH
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Fig.7 Schematic diagram of the mechanism of light-responsive

AuNPs@MIL-125 composites mimicking OXD enzymes

Zhang %P 7F 2023 4E K T —Fh T AuNPs@
Cu-MOF 1Y ML A2 A AR IR A, I 45 2 1) 2

A YRS 2% oXD M, HHLH 5 25
T AuNPs 19 5| A b 38 T T 99 K B 9 i fb M g
DL RS AN Cu* S A ML MR 5 B TR E
AuNPs@Cu-MOF ()2 OXD i 1% 1 32 B 14 38 76
A BB E AL BE J1, Cu-MOF 7E B Ak 2% 4148 F
ALl Cu*, BEJE Cu™ 5 Ak 1 245 M S AR B A
Fiz: P9 TG O 38 B [B] Cu®, DTG S BLAE 2R 1k 1t 7 .
i 8 PR 23 (CV) F22E 43 Bk oh iR &2 1 (DPV) 1
XFEEFGE & B, AuNPs 5] A B &I T G
SR AL IR B, IR B A RO SR T AL s A
J5 OXD b BE 77 -
2.3 FECATFEM

CAT fEJy—FhEH ZWPLEALEF, | ZFET
RN, FE DR R M AL Hy0, 53 i K R4,
AT A 20 P9 A 3500 1,0, B B & 1 S Ak 1
P03, SRR O TR A N ROS 1 7= AR 3 T AL
HIPT A ALRE JT, S B M P AR AL I TR A O
HETT AT RE 51 & A M A7 A — R AN I, X — i
T 2 15 200 Jf PN 1 Ak 3 DT L PR AN A A2 SR
A 40 DL B AR A i B OCE B E A,
1 ROS 7R3 4N i rh i R iR AR AR & T %, LTS
LR, CAT 7EJhE ¥ il vhogh @ A5 0 R 2
HORAE m i M AR R A MO 5 R, CAT 1
1o S A RE T X F O B AR W) T RE IE H I8 4T R R
P WA R OCHE , (RTEBRG I & B v, K
SR CAT 38 H A J2 LATH B HyO, M BH 1k 5 95 119
K L2 B A% 5 P [ R B A 8 1 25 TR 2R ) B A
b, & & n] B4 CAT 1% 1 ) AuNPs@MOFs [¥)
YK R S bR T I I SRR L

Ma % B 75 2019 4R B & T B A7 28 CAT 16 HE 1)
AuNPs@ZIF-8 & &4, i Ho o 2 i 2 1 i Ak 47
SO FEERLRE ST, Nl T HL0, 1940 ff R Ng L[]
BHREE T ZIF-8 HEAR R 45 F 58 3 . tb4h, AuNPs
TE ZIF-8 3% [ 1Y 14 &) 43 1ii i 5 T AuNPs (1) 41 % ,
T MOF i = fLBUR A ZS e e v, B
T YK A OR o R e SRR B )
Rk — B E T AuNPs@ZIF-8 & & ¥ 1F H,0, ff
TE T HE W E T O, MR, T3 s | HAE
A B 2 R TR T

Yang % PUFE 2023 4F % 1T 9 £ T AuNPs@t:
 MOF (PMOF) & J& 40 Kk 2 Ge w2 F H 17 HAL 7
M2 CAT i PE A O, 2 i BE 1 o L 7E 559 R PR R 4%
B A 28 CAT 16 PE AL ROCR R IR T 2



JH 1 [ 55

S AR IR @453 JB A HUHE 28 52 5 W 0 K 1 S JFC 2 g 7% SRR e 8 oz FH 0F 5 s e -7~

17 A R R . AuNPs (4 48 2K )R F 280 2 14 hin
TAEACTE M S B, R R BE Y 9 T X HL0,
[ 0% M 5 1% kB8 77 ; AuNPs 5 PMOF 2 [a] i 13 [
PERX T4 T T AR BB WA 2] T CHE
AALFEAR T H,0, 20 fift 242 1L O, BT i BE 22, i HL
T TR R, A, PMOF il 4R ) £ L &5
J N R AL T R R BGE A, A SRE T
AuNPs (537, e L5, T ORIE T 99K il
SRR Pt

Mo % ™ 7F 2023 43 21 57 iR 2 5 1) AuNPs
Fi1 DNA Jiff il e A& 1, #4987 —Fp 3T Cu-MOF
i) AuNPs@Cu-MOF & &4, 44K g Jre 3 i 3 Fil
FWG M, A5 25 CAT | . 2% POD il Fl 25 45 ik
H K S ALY (GSH-Px) 15 1PE. BT AuNPs e
B L FE4 RSB T, AuNPs fil Cu-MOF 2 [i]
iy B [ 2% 07 36 58 T AuNPs@Cu-MOF &2 & 9 44 K
Tt (%) 44 A 0 PR AR

3 KA
3.1 HEWERR

FEAEP AR RS, X T RARE RS EY
o B 55 R 22 38 38 18 DU 40 -5 40 DK T A S 06K i
B SR it %) 48 Ak 7= 0 (U0 Ho0,) 3E— A5 4E by 40 K il
FIAEAL IR B, DT 52 B0 490 K il 44 AL 1R 28 X6 g 28 A
it/ 1O Rl

Hu ZF " AE 2017 4E- il % T AuUNPs@MIL-101 44
KEAEY, HER 12 POD B M. MIL-101 HE
ZEHE A AL Wi 1k AuNPs 75 & 2% A= ) 31 58 b (9 SR 4R
AR T 2 A R MR Rt . AuNPs@MIL-101
TE HyO, A 7E T AIKE B 16 ¥ SERS 15 5 % 4k A 1 P
SERS {5 %, R[4 (5T om A . PRl A A Ak
fitf (GOx) il 7L iR S 1k B (LOx) 4H %% 5] AuNPs@MIL-
101 F, JE &% AuNPs@MIL-101@GOx #ll AuNPs@
MIL-101@LOx £ L A0 K B, 4 8 T 58 T 9K S vy
) SERS £ W& AR &, KD HLH 41T . GOx 5L
LOx 46 M A6 JIE 9 (L #5250 5 2L R ) 1) 40k I i
VIO, W T 32K, AWl H0,; FJ5, AuNPs@
MIL-101 1E 42 POD 4K, I FH A BUH HL0,
ot AR SERS i MG RL (4n TG L 4 £ 4% (LMG))
Ak o B 3, SERS I M W 4L BE (n fL 2 A &
(MG)). Jir £ A= W 1% %Ak & 04 s I BIL o) 1% P 35 A
T AuNPs F1 5 fb i 9t 21 ¢ 7 MIL-101 A9 fL 1B 45
Py, SEE T RO Y A3 TRLT R R AR . 3K R h
KN FEEEVE” WP TR R,

AT E Y (He0,) B HEIL G, 164, AuNPs
AL EAE POD BEALLIG P, 8 1E K SERS 15 5
SRILIE, PR TR S ORR B E DI RE . 7E A b
FFLERRE SR rf, AuNPs 1) LSPR &0 bl 25 44 i
T MG 1 SERS {55, #j Z Bz B 4 4.2 pmol/L,
FLWR K I B 4 5.0 umol/L,  FT 4 & 19 K R 1 @
AuNPs@MIL-101 & & W) 40 K 1l A= P 1% A 3238
T2 54 I REA P SR AT

Liu %5 0 7E 2024 4F i % 9 # & UVD-PH@
AuNPs & & Y1 94 K il A Ay AL B - &5 F F = )
Bt & R (Hey) B AT . 4 H,0, 5 TMB J L B,
AuNPs # 5| 2% POD i ¥k 9 AL 1 T, 1l H,0, i
LA B eOH, J5# Z 5 %4k TMBIE ik 7" )
(oxTMB), Hey ) 77 1F & i i H 5 3 (—SH) 5
UVD-PH@AUNPs & £ 9 44 K i 22 101 7= A= (1« OH 1)
A Y Hey-ss-Hey,  F-iE— 25401 TMB ) % 1k
L, O WO AR R (1R 8), % N A
oxTMB B Zi 628 b 5 Hey W 26 &, il
K I 650 nm AL oxTMB F4) W ' B A8 4k, 7] 52 8K B
IMLRE & Hey B9 F (552 TR

oxTMB l ROS
® X
) ¢ ¥ oxTMB
x e * +
X/ & 55
1 P o © ® Hcy-ss-Hey
' TMB+H,0, X
[ )

H,0,+TMB+Hcy
AuNPs@UVD-PH
Hcy—Homocysteine
K18 AuNPs@UVD-PH A: 4 f% BAG AL % 5 8
Fig. 8 Schematic diagram of AuNPs@UVD-PH

biosensing detection mechanism

Yang %5 ' 7 2022 4F ¥ £ Bt IR 9 /i §% (AChE)
FAH B 4 A6 8 (ChOx) [ 22 75 BT il £ 1) UsAuNPs@
MOF 9K I, KRt —Fh BAG = S0 il )
I 1= R AL S A W b B . AChE M Ak 2 i iR i
(ACh) 4= B H B ,  ChOx F- fH i &1k 4 B H,0,,
H#E— 4 i1 UsAuNPs@MOF 3K i1k H,0,% 4k . {5, 7
TMB &4 B @ N . H T/ WL R 25 (OPs) 1Y 77
TE 2310l AChE ¥ P I BE I HoO, A9 A Ui, AT
SEE R R N oxTMB {5538 B I8 55 . F% T el
il F A1 OPs X} AChE i 4 1 41 il 76 FH #4 g T X



.8.

EEMRER

OPs 4 A= 4 7% A6 B J7 7%, B 7E OPs Kl J7 1t
THWM T R AEEE . REE S R
1.7 umol/L), ZPEVER) (1.7~42.4 pmol/L) & & 1]
R (96.6%~105.3%) SE AL, IR H T %l
BN T oA LB A 25 19 2 A

Jiang %5 %9 7E 2024 4F JF #l % ) AUNPs@ZIF-8
A FR R ARG O &5, ZIF-8 1 R [ & T
(i (100) 1 (110) §h 1) (49 % 58 52 M T AuNPs [ H
TARSAEAL TG M, R0 )& 7E (100) 1 AT (110) [
I, AuNPs WAEfLRCRG ] T 52T, A
Wi 5 ZIF-8/Au &2 G MR fil i, AuNPs i 1k 7 45
AR AR S A I HL0,, B S 5 R R AR
KRN, PSS, (55 B 5 4 b
R B A IE Ll , 3 S ARG FL R A AR Ak, RE RS SE B
X 4 2 R 11 2 AT

B LA BRI AL 2 4h, 38 BT 3T SERS #17
A= YA IR, SERS & —F = B 1 % 4 B
FooR, A R o TR SR S ok SE T R .
AuNPs [ LSPR 451 4 SERS 42 fit 1 F AH 1) 7% 7 %&
fill, (EHEAENS ) 12 0 T AE ALK (K 9).

I Caged

reporter
Peroxidase mimics

SERS substrate SERS signals

Activated
reporter

K9 T AuNPs JERBRYR MG 2 AT (SERS) LWIfEI
AL < A
Fig.9 Schematic mechanism of surface-enhanced Raman scattering

(SERS) biosensing detection based on AuNPs enzymes-like activity
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Fig.10 (a)Schematic diagram of polyethylene glycol (PEG)-
AuNPs@FeMOF-camptothecin (CPT) nano-enzyme-drug composites
preparation; (b) Schematic diagram of the tumour therapeutic

mechanism of PEG-AuNPs@FeMOF-CPT nanoenzyme-drug composites
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