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Figure 1 (Color online) Classification and application fields of
nanozymes
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H,0,(H,0,/H,0, 1.776 V)Z I}, FrlhCos;04 NPsH] L)
7 TMB B #4538 45 H,0,(F3). 52251, PB
NPs Al U 38 J5 4 3% 6 - (PW) B8 Ak BT PR 4k
(BG) Fl % &+ #5 (PY)®. 7EpH 3.0~8.0/, PB/PW,
BG/PBHIPY/BG ) & fb i J5 #3743 53 4 0.2~0.4, 0.9
L4 v. Hrh, PY/BGHY S AL )5 At 7E TMB Al
H,0, 2 [, AL E| T &8s B F I /EH, F3PB NPsHl
Co30, NPs 1] UL H,0, 58 /L TMB i A i -OH! .

IR BSEVEMA LD

POD CAT

SOD CAT POD

POD CAT SOD

POD SOD

B2 (FIZERRS ()25 R A A ATL R P 2K B X 17 )Tl

POD CAT

POD CAT SOD

POD CAT SOD OXD

S EALIIKES
etk s ]

" A0 KES
POD: IS Y88
CAT: LFHEES

SOD: EEHYREE
OXD: FitA8

CAT SOD

Figure 2 (Color online) Classification of various nanozyme catalytic mechanisms and their corresponding enzyme activities
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Figure 3 (Color online) Catalytic mechanism of POD activity of PB NPs and Co;0,4 NPs
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77O, (F(6)~(11)).
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‘OOH+3PY — O,+H"+BG (16)
Co™ +-O0OH — Co™ +0,+H" (17)
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Figure 4 (Color online) The catalytic mechanism of noble metal
nanozymes
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WH, WOKEER SEBUN, RO, YL
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Lin%5 A MRS TR R SR Ak AR 33 41
TR BETE P FEBk> =/ B >/NHiE. Cos0448 KA1k
U 40K F > 90K 22 18 4> 20 K e > 40 2K 37 7 1412,
X B G2 B0/ A K R AR ) R R T 1Y) 25 A K,
SEOTHR L 2RSS T B Mn; O, 40 K il 2 B HLAE
IR B Mn; O 44 K B 1% 50%~60 % 1 SOD T M7 /i
JAS L DU T R A A 40 Kk T ELAT B SR G T AR fig 1.
DFTI 25 B 2 3200, R[] Bl i () Sk £ 28 0 L
w5 AR A AL T 1,

T AL B Ry 3 R AR AR A OK R R T, 4K
TR F14) 65 T T 2 20 490 K Tl A 3 A R e 9 e b B G
BLOGOKREER B Pl W sk eE 1L A
R AW R R ™). 28 85 5 R 4% 78 1) Fe, O LB 1k 40 2K
WKL (Fe;04/HA) Lt 21 #2 1Y IONPs 1) POD I 1 B i 1461,
Bl 2H 2R A8 A 1L T TONPs ) 75 M. Fan
S NV 5T 220, FH B — S LR B i 1] i Fe;0,40 K
it X IS 4 Ho O, ) 5 FRE 77 (Ko 32 5 LORS LA 1, FF00%
HAEAL S (keud Ki) 32 81 20155, B —J7 1, 250 Bk
i - e TR AR Az R 185 43 T (PAMAM) AL 2K 1 42 40 K 72 (Au
NCs-NH,) i F 2R Lk 2 TR AR PODIE M, Hiit
) B 7 A B4 N AR B T o AL A S L X st
RIACIR B S WALEE R Au NPs, K15 ERFESY
BT Had S Ak W T A O B e a] = ) -OH B 7T
3. LinZs NSHA B4 T 57 0 22 20 i
Yo 7 SEAL I . L Tk s & B, LindE AR
Au NCs-NH, 9 i 5801k S PE 78 I SR 3 vh s
FEA0,, F TR sh ARG, RFEIE T
KA AL, ) SR 2 1 16 M 0 K il 2 52 i L
AL TG . Ortega-Liebanas APV 4 T A Lkt
TG WK, AT RO AL A K 250 B 4 hei
AT LA RS N A A A S R A, PRk
A R . Neri%s AP RIS, 14/ NGRS 1T LIAE
SR LA B Bl DKL T 00 e 8 5T 4 0 DK 1 e A
FH A 0 X A X S AR 22 B /N4y 7, DTG
S H X TR s B SR AN T

B T AL R BIAHT I Z Ah, 2Rk i 20 265 A
B T RGEBHEE. i, CuO NPstE it 4
b1y Tl 4 K it 41 1L 3R AKX, Nagvenkar A1 Gedanken””
M Zn127%CuO NPsIEBL4IK & 59 (Zn-CuO)NPs K 14
s AT PE. Tig e RST. 450 . 4kl e R mE
T, 38 PR 2T T 4 AT T A ) 55 i 98 KK Tl
AT EZ R Ihael, & H T 209 N S
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>k AR ASE I HLOL ¥ B . 1277 ¥ T 94 K il 1 POD
TG IR 2 A A B R AR MRS S
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TR YR 0 M BE . BR T 1B Ry, —25ty)
JoTE B SR A I 2 AR B AT Y 2 SR B, PR I A
FAEAS 5 20 F A8 I HL,0, 1k B . 91 i FH 499 K i 1)
PODF 1%, L H,0,8 L% JT I B(RhB), MK T
DGR EE IE ST H, 0,46 B A 57,

9 K il B T 2 B RS T AE T H 5 GODII 45 4
GOD 1k ) 7 18 S8 A0 38 40 B R A HL0,, SR 40
K il A T HL0,, 7] 22 3075 8 285 vk 2 O % &+
#U MnO,PY, Ce0,', Sk k'Y, i sk B A
POD Y 1 114 44 K il 415 516 J Bk & 0] ) 4 2680 A
Ho, T A KA Bt 2 GODIgHE, B IQu
ENPUE I Au NPsUEGOD, 5 V,0s98 K i 4h 4,
i 1 POD Y& P4 46 0 4 45 0, 52 U T KA. 5
Ak, 5 GOD S Ak 4 B 25 AL, H [ B Sk iy v i 4k
JIEL ] 2 A G H,0,, [ RE T L5 40 K Bl 45 0 22
JIEL [ e e (P 5101,

Yy K Tl A W A SRR 1) 7 ) A 5 A% TR A
M. Park % AN RE S AT B A WEBE 20 B (PCR).
W RE G P AFEFEDNA, 7= A4 KR R IE 5 &
TR AN K TORR A W, W F R A AR, R
TN W R AE 4 K B0 e 1T, B0 B IR S 9 K Tl



B 5 (ZERRRS ()29 A Rl & MG 7 2 MR I it 55 ) i

fEEE

Figure 5 (Color online) The principle of in vitro detection of glucose and cholesterol by nanozymes
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(L S T8 R 2 DN A 2R VD R A TR 163 b, 7] LA 494 K
Ml PEAT RGN . WangZ5 A0 4k ni sk A5 B bt A= ) 2
MR B 9K L F Ak K D FEDNA. K &
JEDNAE E 75 Au NPs@OKFHE 1 i il B, 4 B ¥R
DNATELE T A R, &I DNAFT I -6 2% 2 AE 9h
K R EIIAEMREALSSREYER B, L
KT ag. tesb, ] LU S B A S 98 KBS Aok
e NS iy = I 2N R AW e I DRI N ol g = e
Iy 10,
3.1.2 BB AT

o JE ST AT A G0 K il 7E AR 1 5 i DL R . Gaof
NPIZE 4 TONPs i i 1 Al S AL g s v, T i 9
FARAGI Jr . 0 UVLAS 2 A LTl A BT R [ 22 78
IONPs I ; Hilkbric fIIONPs 5 I iR A, I #E 4
B AR SR RAE S BB Tl RIS RS — Mt
Tolbi R 1 b vk L T4 A MIONPs)E, 78
H,O,7£7E F A ¥ TMB, 44 5K il f# 4k, TMB . {7,
AT Rt Tl M . B2 T X AR, Gaoflf 5% 41169
XS # (EBOV) 3Lt 1R 9 IR IR T 44k 12
Wr, KiBEEiAEI1 ng/mL. B FIONPsH A H7E 1Y it 5
L PTG P, 99K B AT 1T LI Ak 2 S AL W S )
(UNDAB)J I AL A =, MBS K A5 5. X
ol 58 ) 490 K Tt 11%) = BH I 2 A0 ) B 2 T 2 5 AR E )
ZWFER. Bihn, ZhangZE N7 PB& i y-Fe,0,44
DK U % THT 45 A #5  BR 1A B 1 A(SPA), IFH 4 I iE
2R L (BSAVRE K IRER £ 01, AT 96FL Ak Y 4

PERRHE 1G(1gG). 255 /R WOk B (1928 1k 5 1gG I e
LR MR O &R . Kim % NS0 Fey O, 1% M 9 KOk T
(MNPs) 5 Pt K UKL 4S5 76— LA 7 43 4 1 A L
W(OMO) ', JE W —FP o AL A 9 oK . i b (5 fa
P2 I 7 B ARG N 3R B A K PR 32 AR 2(HER2) #1 5 |
TS BRI . Dong%: N I DABAE H i (5 )%
Yy, ¥it T 5 BRI T 40 AR 45 A Y Cos04 NPs(Ab-
Co30.,) 6 I £ 45 98 A0 0 v Jo 32 3 5 19 ol A8 9 B A
W (VEGF)/KF-.

3.2 GUREE TBRBHET

B T 7 A WAL B G 2 D HR ) R 22 Ab,
T 99K i i POD, CAT, SOD, OXDZ: % fkik 5 iy
TG PR, FER TR 936 PR EU(ROS) /K7 7 B 2B AT )iz
AN RS, FEIE W AL Mg, ROS— B AL T3
ORI 251, R MR B U ROS A Bh T15 555 T 142
E 20 it 35 A A AR U0 T Y ROSUK i g B, Sk
IHUERRRRES, BEIRERR . SR, @ 40K il
FIMEALTE P, ROSHILIGE BIEA R, EiEAROSH]
FHT A 5E M Js 40 i, 1~ 8 A9 ROS AT T 351 B Jib g8
o0 i R RN 21, DL KA BT IR 3% R AR
1K=/ A
32.1 #EROS

YK il S EUROS Y R, 328 e Ak B R
AALFRPE B -OHR RS 4l . 5 4h, — 2 HA
OXD i V£ i 40 K g th 2 A ROS. X v] DL I 1
ROS 11 44 > if§ £ 5 IONPs 244 K Jifg F1 — 2L 5 4 J8 90
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K.

Nemmar %5 A U4 % B /I8 8 00w 1 4810 2k 48 oK
UKL (USPIO)FE 1R N AT LA & HE R BRAEFH, 51O lE Y
AALNL B ADNAS 5. (B2 FARNH0 R EAR K,
ANHEF= A B 1 -OHR RIEYI M. Z )5, Zhang%s
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HelaZfijfl. 5 B4 AH,0, A A, HuangZs A U7C -
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YRR . 15, GODHE AL R 41 i Hh ) ) 2 A
"4 H,0,; X J5 TONPs 38 i 35 i [ 1o 48 £k H,0, 2 B
‘OH, 4 FEUMIE M MsET.
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ROS 1 T I == %2 4 K il T 4 1k 104 Tl 3 4 G
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F, Fe,05 NPsHE I T 40 ifg SODTE %, FEF#KROS
K. ZhangZ5 NVAF5E 0, PB NPsEL #iE ] A
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Most natural enzymes are composed of hundreds of amino acid molecules, and widely used in many fields such as bio-
sensor, cancer therapy, immunoassay, food safety and environmental management due to their efficient catalytic ability.
However, on account of intrinsic drawbacks of natural enzymes, such as ease of inactivated in extreme conditions, diffi-
culty preparation and high cost, limit the application of enzymes, people make great efforts to develop diverse artificial
enzymes of high catalytic activity and stability.

With the development of nanomaterials, their catalytic performance has been gradually discovered. These nanomateri-
als, known as nanozymes, have similar activities with natural enzymes. Due to their unique catalytic activities and the
inherent properties, nanozymes have cause great attention in recent decades. So far, more than 50 kinds of nanoparticles
have been found to have oxidoreductase activity such as peroxidase (POD), catalase (CAT), superoxide dismutase
(SOD), glucose oxidase (GOD). In addition, the catalytic activity can be regulated and designed by changing their size,
structure, composition and surface modification.

Those nanozymes can be mainly divided into metal oxide nanozymes, noble metal nanozymes and carbon-based
nanozymes. Metal oxide nanozymes usually refer to the transition metal oxide nanoparticles. The generation of oxidore-
ductase activity by integration the nanozymes and the substrates results in valence changes and electron transport. Unlike
the catalytic mechanism of metal oxide nanozyme, noble metal nanozymes and carbon-based nanozymes have no valence
change of metal elements in the catalytic reaction. They have also been found to exert their activities by the adsorption,
activation and surface electron transfer of catalytic substrates.

Although the nanozymes have advantage of broader tolerable pH and widely temperature ranges, the enzyme activity
generally has pH and temperature dependency similar to the natural enzyme. However, a great advantage of nanozymes
is that their activity can be tuned by the size, composition, structure and surface modification of nanomaterials. In gen-
eral, the smaller the nanozyme size, the greater the specific surface area, the more substrate binding, resulting in the
stronger enzyme catalytic activity. Under the same conditions, the 30 nm IONPs have stronger POD activity than IONPs
of the 150 and 300 nm size, the smaller Pt NPs have stronger ascorbate oxidase activity and POD activity. Similarly,
smaller Au NPs also have stronger POD activity. Moreover, the morphology and structure of nanomaterials also have a
considerable impact on the nanozyme activity. Since the catalytic reaction takes place on the surface of the nanozyme,
the modification of the nanozyme is also very important for enhancing the sensitivity and selectivity of the nanozymes.
Surface-modified molecules include small molecules, synthetic polymers and nucleic acids.

In this review, the catalytic mechanisms of the nanozymes in recent years are sorted and classified. In addition, the
regulatory factors of the activities and the catalytic specificity of the nanozymes are summarized and analyzed. It is
highly expected that establishment of a novel nanozymes as highly stable and low-cost alternatives to natural nanozymes
in a wide range of applications in multiple field.

nanozyme, catalytic mechanism, biosensing, tumor therapy
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