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Fig.1 Mechanism and kinetics of peroxidase (POD)-like reactions catalyzed by iron oxides ') (A) Proposed
mechanism of POD-like catalysis of iron-oxide slabs, where [E} ], [E},], and [E} 3] are energy barriers for
steps 1-3, respectively; (B) Relative energy values (in eV) for key intermediates and transition states involved in

the catalytic cycles of slabs 3, 7 and 14
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Fig.2 (A) Schematic of ABO; perovskite structure'*’; (B) Specific POD-like activities of perovskite transition
metal oxides (TMOs)" sl ; (C) Specific POD-like activities of perovskite TMOb plotted as a function of e, occu-
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PENITHESY S M Hy0, FEAERT , 1628 POD AR IR AL T, 38 JFFL 7S Ak TMB Bl Ak EA 2 3 vk
B 7= 1) (BN FLAE A ks, TMBox ) , 18 15 2 [ 1455 57 % U (Surface-enhanced  Raman  scattering, SERS) ik
PEATIE S5 0, Meah , R A7, AT AZE AN POD PRSI T A Hh0, %01 5 o 4
POD JiEH 1 48 A 55 ARSI P 5k 1o 1) 4R P it 1) LA AR, — S8 AL R ) mT LU I 138 HL0, Rl Jr v 04T
R . T, R A R %) S A (SRS ) 528 POD AK B R ARG, © P Sl 1 Xz bs . 3L
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Phi i tDNA Fl rDNA Z [BI 2458 W 5 rDNA A0/ ZrHCF GUKBEES G . SR, rDNA 40/ ZrHCF
ARG T LA H0, 78, T 25 7] T (DNA #eJE 5E R i fh £ 5108

XTSRRI AL RO 4 (AL R TR R VA AR A AL TS PR SCBAY ™. Dong BIFFEZH
K, BBE DNA (ssDNA) 1] LG i ar-mrkf B A A E i B e S AR I 21 2 -4 B8 0 24 fh 99 K F (H-GNs ) Y
Fem b fT U AY ssDNA B 2R REAE I I H-GNs B FRHL HERA/EH , RO AT ARG 1E H-GNs 7E S A0
HLR T P SR A . SR, AUBE DNA (dsDNA )Xt H-GNs 80 H AR5 55 A0 W i 255 A1)y PR G338 % H-GNs 7£
SAbEh R T R B0JE, ssDNA B H-GNs A TTE, FIF MR G092 POD 161,
4 dsDNA 11 H-GNs B0 J5 ULVE , i _F I i HATBARAYZE POD TP, 3T ssDNA Fl dsDNA X H-GN iy
W BN R SE F177 A K H-GN B2 POD 4, 523 T 29 BAR 2R IT 487 DNA A EL il . iteat,
TSI LU T A% 15 R 22 251 (Single-nucleotide polymorphisms ) B (& 4) 173,
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Fig.4 Ilustration of the protocols for detection of single-nucleotide polymorphisms[m
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2 POD GKEFC )" 2 T B A BRI 225007 Yan fF58 2R i AT 26 POD G PR Fes0,
TEPE AR IO 4R, 83 2 I 5 20 S BRUTFSAR EE T ORI C UL 2 1 T RA A . ZERE ) T
FEd BT I R T —FIET Fes0, BETEGA AR Y 5008 2 M R4S , FT AR RO 2 (Ebola
virus, EBOV) B85 H (Glycoprotein, GP) . HTHEA 2 POD G PERY Fe;0, WL K 0k F AL K RE
77, KB AR SE Y R LR SR AR 45 5 29 100 5, K B 1 ng/mL (181 5A) o BRT Fe O, #EPEANK
FREAL , Xia 20 E4E S IR VTR JUAN R T R IR AR T, 3048 T4 ik IR & T 2R
ST PR A2 POD 9Kl A 0 (55 e 0 S e I RE AR 28 o B J o T AR 91 i 3 T
(Prostate surface antigen, PSA) I . 1555 TH A28 POD 16, 56 T4 -4 7 5 (AR S e il
SCU RS B LT HRP B4 110 £% (1€ 5B) . Yan BFF2H 7 FEAT 2K POD P Co-Fe@hemin 14
LIRSS, JT & T — B0 T A SARS-Co V-2 LR A K i b~ 2L IR AL (K 5C) , R g S
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Fig.5 (A) Illustratlon of standard colloidal Au strip and nanozyme strip employing Fe;0, MNPs for Ebola Virus
glycoprotein (EBOV-GP) detection'; (B) Detection of prostate surface antigen(PSA) with Pd-Ir cube-based

enzyme-linked immunosorbent assay (ELISA) and conventional HRP-based ELISA (HRP ELISA):W;

(C) Hlustration of the nanozyme chemiluminescence paper test for SARS-CoV-2 alntigenUGJ

ELISA 124, 31 HAZWinl 7E 16 min PN 52T, HEAZ FRAS I %) Bsf [R] 4
4.4 FESEW

JFRREEEA 20, )2 TP . DR W] PR AT e P pH (A T 32 5 4: HI#E 19268 POD
Wtk XML, Hu TR TR LEBIE&  KF R LI E Y 0.5~25 pg/mL. 746,
Wei (F5E 21 il 46 T — R I EA LR POD TG TER 4k & R A HIMERR A K . AGT3 ZIK ST R 455
PSS G W NAE 24 Jm A HUHEZR AR b AT LARHAE POD I SIS PR a5 256 NI R AR LA AL T
PR Y5 FRA A 2R TN e 4R A PHEZRGOK 7 R AGT3 ZRFa4 Tk IKE — 4k 4
JBAHUHELRGN K A 19285 POD I 1 . LTSI, — 24 8 A HURELR K F 7T TR f e 8
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FEAERT, R T CD63 (FMMAR R MAR ) ) SiE LRSS & , S BCERCAN C3N, 90K Fr i 2 1m e 5, i
T FE CaNy 2K B AT YRR . T ISR |, Wang 2552 b T —Fhal LUl o W I TMB fo i1k 4
A S BLAMIAMAAG I 1 Eb €8 22 R A - 5 0 JE T CDO3 FEAN [ B Igd SN A Hh 14 25 Sk 6k IZ b - & T
DAIX 43 FLISIRE 40 22 (MCF-7 ) R BB A 22 (MCF-10A) P A= (9 /b b A . Boriachek 2553l 8% Au
1 Fe, 03 0K 7 71 (Gold-loaded ferric oxide nanocubes, Au-NPFe,0;NC) 4% T H F A &M R ELISA
ko Au-NPFe,05NC [RIBS HAT REVERIZE POD TP, AT LAy A F T A A e B 1 b (055 sl A 205
5o CD-63 Fem MBI E S5 5 Au-NPFe,0sNC 455 Fli AN ARG R 5L v 1 SMIMA , 9K 5 18 1 REVE AR PP 70 15
Al Au-NPFe,0sNC/CD63/SMBALE &1 Keiii A BUARB A ) 22 EDRR FL AR 55 Au-NPFe,03NC/CD/Sk
IMATRIRZS & A T SR Ie O Se s ik

R 3o 0P G P A 065 A 140 29 A Pk, P 2 0 GO P e ) B ARG 84850 Zhang 284l FF - 12
A A AN K ORE/ A AT B2 (PYGO) UK S-S AR 1 I A I 55 (181 6) . R B RTRLR
TET ) P T DA ok 0 B ) R B2 AR SRRl e A S BN R HE 1], T B 26 POD TR PY/GO 44
KL BB UAE R S 8T, ORI & BA & R BUE i Y IR BT AG I 21 125 4> i
TAANML . BRMERA , DUVt TR S AN . Li ST Hi R 0 R M DGR R B R R 2
B# (Anti-melanoma-associated chondroitin sulfate proteoglycan, MCSP)FURME i) Fey 04 G40 K J0kL - &
T —FhEI IR M (Circulating tumor cell, CTC)RHMAE- 5 . MCSP HUR vl 4 MR A (4 2298 CTC 5=
Tt 3K MCSP, i A5 28 POD 16 P Fey Oy BEPEAKURIAT FI T CTC J3r S FINE 456 T 0 SR ZAGI
FAEITE 50 min NSEIIRG IR 2 42271 13 YRR CTC,

Cancer Cell Cancer Cell

vste H,0+oxTMB
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7;?1:“.7: Graphene Oxide ¥ Folic Acid o Pt 4" Folate Receptor

Fel6 o FHI BRI R LA NN K ORL EAL A BB (PYGO ) A BB L e A g 2
Fig.6  Colorimetric detection of cancer cells by using folic acid-functionalized platinum nanoparticles/graphene

oxide (Pt NPs/GO) complexjm

4.6 EEEN
2 POD 94 i 203 FH TG0 35 AR 1 o 2 2 551558 Mao R 210 il P 51
AR, i A DT S T R A R LR A (R IR AL AG I o R T 1 R i e 4 R L



555 W F/NTAE ST WA BB S T RIS E i 11

(Glucoseoxidase , GOx ) BEFLIR AL ( Lactate oxidase, LOx) 538 POD ZH K BRI e SE BN M i 46
I, PR RA R PR EE PR . Horh A e LR N N 8 A Bl AT A 1 HL0,, SRR BB R A
16 Hy0, 38 J5 7™ A I TR S AR A IR L It o BE T DR B, 388 e fet P EL A i 25 A A T il L 45
LR T/ 65 S AR %) WU e FEL AW ) 26 25 2l Hh A 2 Lt , T DA S 0T R B BOIR ARG A b )
DB R 1 [ 2 e

N T ST R B B R BR800 Hy0, J3 A, 378 T i vo 0K S IO ) A R0, Wed BF
SR TR T TR N AR BYEE LA K B (Integrated  nanozymes , INAzymes) (€] 7A) . %058 i Scilid
B3 AL ML ZE A GOx EF 23] ZIF-8 5 INAzymes o HH T KREBITEN , INAzymes 7S EK N7
H R HE SR A SRR S P o REZAIN - 5 S TR RUE T HORSS & , S 1 X TR AR R B i oA A A A
AT B RATIN o A 38 45 A R AR BN T T INAzymes AOFES W I3 1A ik N AR5 A 7K T 1 o
AL (18 7B) 8 IR - 5 W 7 Bt /P e 1o A P SO KR A I 0 h A8 4k B T
HAE R A I S BRI (1 7C) Y

C

Normal Ischemia  Reperfusion
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Fig.7 (A) Illustration of measuring glucose in the brain of living rats by the integrated nanozymes (INAzyme)-
catalyzed cascade reactions, which produces fluorescent resorufin for signaling[m; (B) Fluorescence sensing
optical platform for continuous in vivo measurement of neurochemicals in living rats>*; (C) Continuously

monitoring dynamic changes of glucose level in the striatum of a living rat brain following global ischemia/

reperfusion with the fluorescence sensing optical platform'*

AR A 7 e A M e B T A, N R 4 A I (Matrix  metalloproteinase 9,
MMP9) . Kb, Wi & P RS P T LSS IR RE A 2 W . A T SEERAAR PN e s ol , Loynachan %[89]7?']
H MMP9 R 5K F 510K 4 4~ HAT 2 POD 1M 4 B 5 i BT R 8 1 (Neutravidin, NAv) I,
JFRET BT T — PR AL B (18] 8A) o BEAGK AL Bt PR oA R KT T2 38 ) B U Bl PRV A £ o 9K
Tl FERERE R 90K 5 s 2ol R P o ik 6k 1) MIMLPO M 244 AT (1 8B, St /R
(<2 nm) B9 A AT DLE S SRR AR A B0 R, FREEIEE DY PRI o BRI, AT DA s Wil b v 46
IFERZE POD Tk S B RE A2 (11 8C)'™,

SRS BGAE S AT ASIN v 7 07 FH &+ 43 G (EAEZE AR A TR B I R AR D o R SN K i)
FERKGIN 5 e LA 5 T B TR0 R (1) Al $iAs i v PR RURR S P A 28 SR A P I A DK I, 8 17 5 47 T
TAEAA I AT S RO s (2) Jre 3 ok 28 T A6 0 5 S5 et 0 2 0 DK T AT A A 3 T B 1 o
FEA K B FEARAE ER T[] 5 (3) ARy S SR DK il XoF T4 2 5 05 ) 0L 1) 2 LA BN T o T A A58 6 4
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Urine collection Direct colorimetric
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(AuNCs) 5HaERUE M FE B A (NAV) BB AR AR ™5 (B) AuNCs/NAY Z A1) (~11 nm) ZEHE 14
BT 2R S TR G S O AR 0 IR (C) B2 POD IS SEBLIRE T AuNCs FOAGIIS

Fig.8 Design of a nanocatalyst signal-amplification sensing system: (A) [llustration of catalytic Au nanoclusters
(NCs) conjugated to an neutravidin (NAv) protein scaffold through a biotinylated protease-cleavable peptide
linker; (B) Protease-sensitive AuNCs/NAv complex (~11 nm) designed to specifically disassemble when exposed
to the activity of the relevant dysregulated proteases at the site of disease!™’; (C) Detection of AuNCs in urine by
POD-like reaction®”
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Advance in Peroxidase-like Nanozymes and Their
Analytical Applications

WANG Xiao-Yu'"?, WEI Hui"
Y(Department of Chemistry and Material Science, College of Science,
Nanjing Forestry University, Nanjing 210037, China)
*(Jiangsu Key Laboratory of Artificial Functional Materials,
College of Engineering and Applied Sciences, Nanjing University, Nanjing 210023, China)

Abstract Among different nanozymes, peroxidase-like nanozymes have attracted extensive attention because of
their great prospects in biosensing, bioimaging and disease treatment. By combining experiments with
computational studies, several reports have elucidated the catalytic mechanism and structure-activity
relationship of peroxidase-like nanozymes. Furthermore, to enable the rational design of highly active
peroxidase-like nanozymes, several pioneering studies have developed numerous descriptors that can be used to
predict their catalytic activity. These rationally designed highly active nanozymes have been used for in vitro and in
vivo assays. This review first focused on the progress in the rational design of peroxidase-like nanozymes, and then
introduced some typical examples of the analytical applications of peroxidase-like nanozymes. In addition, the key
issues and challenges faced by peroxidase-like nanozymes were summarized and their further development
directions were prospected.
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