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Fig. 1 Major influencing factors of nanozyme activity,
including size, morphology, surface modification, element
doping, pH, and temperature
Bl KEEHNEEZMERSERST. BR, XEE
. ER. pHIEE

PSS AR SRR R FBL A7 A4 6, AR RDE
AR BRI ECA A R AR, SRR R fE
TEVEANTA] . 3R] RS2 R B N [R] i T s AN [
B BN EFHES , X T AR B
PEREPERI RN 10, Singh 48 Y3 3 0 5 B AL
Yy AL (superoxide dismutase, SOD) . i % 1k
2B (catalase, CAT) F14 e H K o 5 1L ¥ il
(glutathione peroxidase, GPx) &, SKELEA
[F]JE 35 19 Min, O, 1) 40 K Tl 0 0 1, & ISR AR 1)
Mn,O, TE 3 Fft [l A5 400 52 55 v 187 3% 9 M g v () T 1k
T LA T 550 A 4 K i 26 80 1 SOD R 4, HLH:
SOD iGHPERMIL TS24 Mn, O, ARG 1, 151 %
16 £ Mn,O, 94 K il 2 A4 16 97 1% 1 %8 (reactive
oxygen species, ROS) 5 (1B 289595 (19 75 1 1Y
it

Gao %5 " WF5E T i £ {hkO | TETEA M9 K N7 7
& (HIF-Pt-CNCs), #f55 &8, HIF-Pt-CNCs %
S OUER P A R R A TS, RIS P LR
IR BB 1o S A P A A AN K BR 5 2 1 500 7% 11
Zy44%, [H I HIF-Pt-CNCs ] UTE i B AL SAFAE )
10T i A A AR ) 0 S AR AR s R

PR TR o X — A e () IS e Tk 32 45 mT g
JE T HIF-Pt-CNCs B A7 & it TS KO8 2 1 2 1
HEALTE AL S, I HAS [ & 1% HIF-Pt-CNCs
PEARIE PR R/ LA A A
1.1.3 K&

KEFA AN R AETEAKEE R P . 9K
Pif 9 TFT 28 3 A 1 i 30 o A 90 DK il 5 T W, i TR
e, gk g A s i B ER IR O, SO
VIR SRR T] o AR AL E Y B . S8 1
S o GUORBA R ZR T AN FE DA B 1l
ERFCERVER, 1 H b E e n i — DR g
BET RN T . DTS o A s e >, Lisg Y
fil#s T BEAOCRIE TR L IR RS WK, TR
214 (near infrared, NIR) HRIF T, BZE T 499K
il 3G B MR IS PR, (A TSP = 1 3.5 4%,
RefE A A5 I AL e 4 i S P A B IR B 1, 1
SRANAIRLAE MR T AR R, GRS HGRITRCR
Fan % "B LR 51 A B Fe,0, % 10, LIHIHE &
Fe,0, % H,0, [ 5E A1 J7 o AbAT] 43 il il 28 T 42 1Y
Fe,0, (Naked-Fe,0,) . ZH42 MR & 1fi i) Fe,0, (His-
Fe,0,) MINRAMEIGEN Fe,0, (Ala-Fe,0,), 5
KIN, Ala-FesOAALTHPERS e T, ML ge4H His
&1 5 1Y Fe,O, Th MEA5 21 W & 32 7. 2P,
N 12 SR T L, His BT $E T Fe,O, 1
PERE M, B Fe,0, 99 K BT H,0, 26 il 7 .
UG I f B R R TS RIS, RefS e i o
PEAK IR R -
1.1.4 4%

B2 HAW TR S0k Z RO R At —F
PR AOKEH RS A R0RTE, aBAENES
YUK G KR RE YA G £, RIH
TR E, BAA LTS U Liu
45 A W T 8k CuSn(OH), (Fe/CuSn(OH),) 44
K, WAL, CuSn(OH) A BA Z LIk E L
WA A AE HTE G Ve, 145 24 7E Fe/CuSn(OH), 1 i
Bt ZE B A Z O A EILER . Chen % 1 4l
T R MELE Fe@Fe, O, 5c 4K ikl (metal
nanoparticles, MNPs) , i i 73 #7 kb % MNPs #l
Fe,0,@J2 NPs (AL TRV, & B MNPs I AL I
P B 5 T Fe,0,@/IF & NPs, X2 i T Bk
BRES T, NSl T4k, L, BRAEXTHEE9KEE Y
PTERE A EEE X, Liuds " LG 490 K ok
PtRu AR B AY, JE ok e 2E 4 Jm iR e, il 4
4 B R A Lo AN [R] LU AG ) PtRu & 4 9H0OK B . 28
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fiff (AL TG VE 9T R W, PRu A 4 490 K i 25 OXD
(oxidase) ., POD (peroxidase) . SOD., CAT %55
5 PyRu A 56, AP PtOORu10 TG P . st
XPS SL80 & B A 44k 5 P oL P45 0 K A el Ay
AIREA AT 2EME AL, gkt SR 4oty
BN B AT PR AT S R
1.2 REEE
1.2.1 pHFEE

KR AL TG PESZ BR T pH AR R E o AR
TRIRME, AR EERE NS 78 50K % pH A R0 22 G
PR RIS P . TS 0 S K A il 45 115
A9k B (molybdenum dioxide nanosheets,
MoS2 NSs), WFFEAI, i HEETE 15~50°C 2 [a] 28
ey, FEEIREE T, BEAXHEVER T B, Ul
WA R T SN & 2R, 7E 15~30°CI g1 m]
T B TG YE o RIBSASE T pH O B S P 52
Wi, BT pH AR T, AR 1 2R B S
RIGUW/N &S, 4 pH=4.0 BRI TE PR . £
P PV A T — R B I A T 1 A
T Y4 K B (£MoNC) , W H] T 66 M o iR G
(alkaline phosphatase, ALP) ¥h, #F52RM, &
pH=3.0~6.0 RN, £-MnNC HHELIEPERE pH (E
ST SR 9 S, 7E pH=4.0~5.0 i1 1] L%
PR RS, Y pH=4.4 15} f-MnNC B P %
5o TE20~60°CHYIRBEE FI Y, £-MnNC AL I
PR BERE T T e i S5 s, iR B TR 40~60°C
AT AR TG v, SRR EE A 50°C
122 BT

SR BEGRAEL B A MR R Y B RE . T LLSZ
FDG. AL HUMBESE A B2, HETT 200X
KEFRMEATETE, BRETFE0E . 6. SN
IR EAIE PR, MR IR AT R
I 0 ik B ) K 2 20 DK Rl %) A S o ek JE BRI
SCE AR, T AL W 3%, Zhang
8 220 5 s R ADRDRE 1Y Au G RABORL, ke T
T A B B TR G BT 7 AR B H - DT i
H,0,¥%¢, Halfe AuRfE s OH—, f{eik3,3',5,5"
PO H JE B 2K B (tetramethylbenzidine, TMB) %8
fb, T T AugRBRZE POD BOMEILTEPE . Yang
S 1 A STV s A A B - IO R =
B (GO-Fe,0,) #UKIG, Ffif5 K 2543 iR b5 R
(doxorubicin hydrochloride, DOX) fii #% %] GO-
Fe,0, 2 A% 1 JE 8 GO-Fe,0,-DOX H &5, %K
B TEBE S5 T AT LA HOE iite e s L, i

FERRPE SR T R AR . TEAMMRESA T, A
JiA A iz g, STz, GO-Fe, 0,2 &
Y12k 25 I ] S 4 T R LA R R ) i

WS RIN, VFZ4)m BT nT LAY s 2 K i ) i
PRIV o 4 B8 TV Rl PR mT ARG 9 oK i 4
%, RO TP IR T, BN 1 LR
Ji, AR T N . K, EEERE T
(Hg*) W] LA 3 8 0 4 T 0 K i 1 5t S Ak A Bl
WGPE. Huang 55 2% &80, 7E8A HAME AR
TEOUT, PR E SS9k (AuNPs) H
BB S EACYIBRE G T, e nT AR it
AR AR A, Ak TMB. &, 7
Hg* e R, %48 KX TMB A9 &0 E A B e
2 Jihh, Wang &5 P FERFSE TR R, A
FREAA BRIR (GO) YRk 7E Cu B TR F
Cu™ B T 5 A Ak A S8 05 3R 1 1) H B A1 45 5 TP i
Cu- R BIR A Cu- BRI &Y, 1558 —
Fl Cu-GO YK E B . X Fh Cu-GO YK E A Y)
H A # MR I ALY (horseradish peroxidase,
HRP) FERIMER, BERSTE HLO,IAF7E T 1 £ K
AlhAEEOER. ML T RGBS HALE R 3
T (N, Co*. Pd*., Cd*) 1&1fifh kA7 2245 )
X 2 B E A ATE . T X E SR T
XTYOKRBRIIAEIER, IRRAETE 2 H 48 3 15
T, GOKEGAZEERE M R AR, Ak
it % P A AT s A R T I S

— SO LN U 2 X 0 K il ) T 1 A
M, ATP & —FA HLE AN T, AENEIRN
MARER BT, SRR S R
BMER . tbAh, ATPLATVER—FD “HHBIAF”
A H M 20 K T ) AR B 0. . Lin 45 27 3 5K 4 a0
Kk EAENfLEE (Au-Si0,) H, ST —Fh
BA i E A Y BERE 1S R 0 9 K . A AR BRI
(37°C) F, Au-SiO, 40Kl RE7E H,O, /776 F A 5L
A Ik AR Ab P Tl ) i LIS A 2,2 R - WL (3- 20
I BEMR IR -6-fifi R ) (ABTS) ERi i r=4. K
M, 7EmER (85°C) ZFT, Au-SiO, A KM HE
IEH AL ABTS O S BV o ITFE SN AR &R 5] A
ATP 5, M 25~85°CIHYA[FIAEBELEE T, Au-SiO,
YK IR R AR . LT WL, ATP
MITFAE, HJFAS Au-SiO, 44 KB 75 i TARIRE T
FEI R R v

DNATER—FEMRGY), BEAWHRTY].
AT YRR 2R R BRI FC X BRI . Bl A AR
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AW AR (R AR R 2 A i A P sk & J'é, DNA
GURFEAR N BB T IZN . A, DNA
() 25 G T L ek AR 4 K i 1Y) S M A 2 28 45 2R
Bl > i T4 DNA (ssDNA) 5EYEA &%
Ry, (155 5% ssDNA 22 J5 n] LU i 4 1k 2k 40k
R 1) 1 S AL DI BEERE TG 1 . Zhang 55 B0 i T M
A F AR A EEERTA (S, mutans) 255 S ECIRRY
DNA JPFIME R HEH6E . Hp s —F)r5] (Sml,
5'-ATACTATCGCATTCCTTCCGAGGGGGGGGG-
GGGGGGGGGGGGGGGGGGGGGGGGGGGGGG
GGGGGGGGGGGGGGGGTCGGT-3") 1 1 i v 4H
H.AE I fF Fe,O,NPs 3 [fi ¢ ¥y P £z, i 2% —

(Sm2, 5"-biotin-TTTATACTATCCATTCCTTCCGA-
GGGGGGGGGGGGGGGGGGGGGTGTGTCGGT-3'")
FUA K B 1 e g o SR R S T ki i, ikt
T2 DNA-Fe,O,NPs 5t [ # #X & Fe,0,/Sm1 F1 Fe,0,/
Sm2 AP IBY) . WFSE N DaE Ot A HL,O, /7 FE
TMB %84k i HL AR S A0 0] WG, 54l Fe,O,NPs {2
7E 652 nm RILHARMRATMOCEE , 1284 DNA &4

_________

H,0,+AH %»AHHZO

-
O,+AH —— A+2H,0
4H*

i) Fe,0,/Sm1 H Fe,0,/Sm2 %} TMB F4 fiti i P fi & 4%
&, JF HAE 652 nm FI R WO FEUESE T3
PRI A KSR S L RR A0 K R B0 14 D e A 3 Ak
YU AL TG PERG 5 , HLUA & I Fe,O,/Sm2 A= P 1K
YLt Fe,0,/Sm1 A=Y AE 652 nm R I H T K1)
WEGCRE , X 3% W3 o 2 AN EX () DNA B 25 L4 B
WG B B G 2 A T R PERE

2 ARBBEYFNZE R HAE AR I

it S YEE
i E ALY —FP DL HLO, M L a2 Ak i
IR AR . 20074, Gao%F °' #iili T Fe,0,
YRR BAT 5 1 E ALY B AR 2SS 1 . AR
K, ASCHERHGE, JCALRRIS R & JE LUK EE,
MnO,. Fe,0,. Au. Ag Ml CuO 4Kk, tHA
FABUT Fe,O, 4K B ) AL TG M

JURR ST (1) 4 K i AL A SR 6 M P AL G F
ir (E2).,

2.1

________________

________________

Fig. 2 Nanozymes regulate ROS balance by their intrinsic redox reactions

E2

2.1.1 BT MnfY i B AL B 44 K T
MnfERy—FidER)E, Wt TET

Fenton Jz I 1Y ft %% 3 J1 2% iR J7  (chemodynamic

therapy, CDT). ffll11, MnO, ] LS 4H o 470 4

MR EBEIE R E MR TTROS T4

TEBH B R G0, Y 40 i A SE AL LBV E ] . kT,
MnO, % 2 1 A fL = A 1k &k 90 ok WOk
(MSN@MnO,) #fiiE FHTESE T A 5®fk Fenton U
FERY CDT ', MSN@MnO, f] ffi %8 Py & It H ik



2024; 51 (3

XAT, & MREERRGT PR SEA 579+

(glutathione, GSH) i Ji = A= 4% Jbt H K — &% Al
Mn*, FJ5, Mn* Y Fenton 2 W REAE FAE A FRA
T H,0,77 4 -OH, W52 R, MSN@MnO, X}
N R 293T 4 A 9 25 P % T A i e J5 97 440
U8TMG. 1E ff 3t ¥k i B (MRD # & T ,
MSN@MnO, i 12 175 5 /I 1] 51 N GSH I AEFI ROS
2 07 123 AT I o R

A RALBRZ 0 Mn B9l K 9 2% 1 g HA 5
() GSH {H#EF1 ROS 4= iURE JJ . Wang 55 PV JF & T
— il ELAT s R R S v R AR RE T Y B A RS R Y
REFREE ARSI (AMSNSs), SXFAPEEA B 479
RO . AR A A R R VR, R T AY
R AR W B T ORI E IR N I SRR, kT
i A B H KA P i S AL M) Bl 4 (glutathione
peroxidase 4, GPX4) i&fE1H#EGSH, A FE M
AL & A=A T

AR, A iR RS e S EURIE R E AE T
B Z R . LidE B 38 DR /N A SR AR Gl R
ki (UMFNPs) 551088 #1 n) Ik CREKA 25514 2 i
— PR 2 T1 A MRI i 5 57) UMFNP-CREKA,
(g N N T AL oalll IR R LSZUP S
WURLLE R O R IR pHAEL 25 F T B & 12k
i AL I P, A 5 R R A AT R
H-2F 43R R S as S 2 R e R kb
1L H,0,/” 4= ROS, #EMi B AR 25+ (Mn™) |
MRkt . M 1) J e B H S AR 1 B AR A
S T1AIA MRIE 5 (0 B8 OR, SEBI R A
(SR o R T B IR VAT IR S, Chen 55 2
7E K,Mn[Fe (CN) ] (PBA) 44 K i F I 43 %5 MIL-
100, J& T —FBIrH4KA (PBAM) [UHTIR,
TERRME PR R T, PBAM A4 MIL-100 7% 2 ¥ [
fife, fil & Mn? () REL, 8 3 B T A8 B ik ok s ] B
fil, ff PBAMAE N2t AL G5 41 i P HCO, 1
H,O, =2 -OH,  MIMTHEF TR i k2% 50 712
RIS
2.1.2  FLTFeryad AL PB4 K it

BRREVEDI KR T (Fe,0, NPs) 8% iF I B A
AR RE S M . IR T T R
Jifrged 2L 2T AR LA B R 697 5 o R — T
Fu%s 57 ARG I FE 1,0, B9 i6 v & B, 15
Fe,0, NPs # ] % 5| HeLa 4l ffl 5, Fe,O, NPs ifi i
Fenton S I 4k 41 fifd 9 H,O, 43+ 7= 4= ROS, M T
X AR A R

AN, Wu KH A B %k T —FR R

TREAAKRL T 5 o FIHIAE A IRE TR K R AN K
fifg FH - BIp [5) eboJgg 96 97 o E IR 0 TR 1 A 8
Fe, O, 44 K il 1) 3 S8 AL W Bl A 15 4 7T LA 2 Fenton
J N = A - OH FHF g 1 A2 8 1 23R 97, R
CINDR i 73 7L RETTR UK 2% I il D o W v N O il
i AE ]
2.1.3 AT AusiAghy i ALY G K il

HWEHE, F2Ma 4R CsHEHEA e
SALYIRERITER . Ye & B bl g T 4k
SRR (AUNSWs) , B8 K AY R m AL A W
A2 0 AR A TR 22 2 6 A fe Ak
i, BRI T BEMILMERE, 1T LUA R 4-fi 5L
oy R i H,0,0 WS R, Au@Ag 5 90 K
(NRs) HAEEMEIIGME, 7E8:T ki pH Al
5% i V14 ek B 91 1 DN ] AR Ay st Ak P B AL
Aufl Ag G TR FA AR, 25
Au@Ag SR KFE (NRs) (TG, Ak
R R AR RE 0

I (AR AN TR, (AgNPs) 1] LA R
NP SR S W 1 7 NS YA N G ) I v 14
AgNPs 1] LLKE T Ag AR 3l 01 2 B s FH T 0 18 g
YL e, 4R B 7 BB 8 1 fL 2 Fenton 2 J ,
Duan %5 2} B3 T —Fh 3T Ag NPs (195 B AL 44
K &4 (Ag NPs-TAMRADNA@GO) ', % &%
FELLREHE K DNA R4 (TAMRA-DNA) AR AR
il % Ag NPs, RJ5 7 b A S w9k i B A
AT 2 . Ag NP K11 Fenton ¥ 52 b A B F
TAMRA-DNA (%24, AT S5 B0 Ji 83 1) S 5 B
2 CDT i R A Wil [ F, JEF Ag NP ) CDT
YR RGN E & 1,0, B IR R e R R
SRy 3B B A B PN HLO, MR IR 9T PR T W AE A T
ik 50,
2.1.4  HETORI AR K

HLA 3 Ak W iR S 1 Y AR R 98Ok R
(g-CN UK Fr) BRILAE W] W HAT i B e i
b e i g % vk . il i B g-CN, 5 AuNPs
(g-C,N,@AuNPs, CNA) 54, Sun%s ™ EAY)
i} 52 119 H,0, K- 1 S BET it 245 40 v A A= P B
HRBE . 1T 54 DNA 0] LU 5 48 K il 1 3 21k )
B FETEPE 1, Li%F 40 g-C N, 4K 5 CD63 Fif
SESE G Y ssDNA GG LIRSS &, R T —Fhai il
(2 Ak, ST TMB 48 A6 40 i &b 50 i 46
MThfE.
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2.1.5 T Cultid S ALY B9 K

AR R, B9 B A BE (tumor micro-
environment, TME) 45 Fenton J [ 1F & V&
Jr R R TR . AR R, Cu e
S RYES1F T 25 Fenton W FURCRE R, AT LA
KB Fe/Fe’ 1 160 1%, HATAE A2 Fenton J2 v ff
I E R 7

Lin % 8 7€ OH [4# Bh FHF & T Cu® FITH,O, i
(LA AL HI 0K 4 (CPNs) . CPNs7E# OH 4
Jrh R R R e, (BAEAIE N S 1) 55 R
PhEEREE TP AT B A, R IE Cu R HLO, B, F 3K
-OH 175 3 11 Jih 928 4 o g Joa o A Ak A T, 4,
/NURE CPNs #4525 I TE MR h B AR R & L 2F
BT, MHEIMAR LN H,0, LAXE 5% CDT 424 1
HREIE . AP R, CPNsFER] & A 10 mg/kg i)
23 i F A USTMG MR AL .

Wen %5 ) & B Cu, Te NEs H A W Fp 2SS
P (B BEH IKELEE (GSHOx) Al ALY ) ,
AT 434 1 GSH 9 7 #E F1 ROS 92 1, 78 NIR-IT
O HREF AT D 6 S 2 1 i) 1 e IR S A58 . Chen
2 o g, Cu*-NMOFs figfig #540 NADH i A ik
Yo, Al — U R S — A% 1R (NADH)
AL R IR BRIEERS — A% R (NADY), "I T
KRN o NADH 4 it A% Jk 8 . Ma 5§ 1
AT Cu FPRPE R H 412, ®l& THTesshh
SEVR YT I B - R R S L 40 K BURL (Cu-CysNPs) o
Cu-CysNPs i LIJHFEABEH AR (GSH) Jf774: Cu’,
Cu bt — Mk H,0,2E - OH, I FIAETRYT
2.1.6 HAih

T R 250ER L, 0B R TR
KOS, TR, #2800, MPTHEEE, I
MHAAFHE RGO EBEMER, TR, FERE
H,O, Bt PERE A [FI A, 3 e = /K7 H,0, 51 AL Y 3
PO RCRIRIT R — BB, FE, Bk
() ELAT e UL P it S 1 0 e TR 40 Kb AR 4k
L, Horb, FUERGUKRIRAIEIR . RSE L B
it A, BUTE bt B S 2] T Tz AN
Mo WudE S I & T Ptas D AuKE i, i
F KRR EEHAH T Pt I F i P R b, X
SRR RIS TR S it E A B RE T 1, T
TEROR A I 2 Y R N 1 3R B Ak v, e R
A R E v
22 HEASEE

W EAREE KT AT . YR

YR IR IR A AR, =AYk N 1O, FITE 14
AR CEERG, AR T AR N A A A R Y
(R oy HAERS LI H,0, MIEY, Mtk ik
FAER S, HE5 ROS SEAG ML AT L& 3.

P A0 L (A R AIE S ROS Y 38 0 RN S8 A Tl (1)
FERBAE, 9 20 X S AR B U, A e 1
AARIRITIRAE T R . (R AT (anok
BT P T IRAR) MO T ARk
J, LR AZ B s A SR SR AR R R . 7R3
FPE oL, I SR S S0 K Bt e g il S
SR IEIE R i Y
2.2.1 BT Mnf il B AL SRR AOK

Y68 7197 (photodynamic therapy, PDT) #l
TS YT 1 SR P H A O, 5 W B R IR T T e, iR
B A — iR B R, A
FI-DCHOE A PRGITIR R, TE6E AT i[RI
SEPRAECR AR AR, R R AR T 2 0 AN i EE P ROS DR
KR PDT A 7E JABE . Wang %5 7 %3+ 7 —F /4L
Y9k (MnCoO-PDA-PEG), %A FL45H 4k
fiti MnCoO FIJ R Ce6 1 2R B AL T a8 (193 PE A7
A, TS TR H,0, 50, AR O,, 2%
i eI SR, B R PDTRICR . Qusg
LI Ce6 HGCHH . MnO, it EAL A A L T
PPy@MnO,-BSA (4= Il ¥4 H 4 H Fd € — AL i
(MnO,)/PPy), %5 G A BHA R AT LATE M oA 15
HRFLE S HLO, 77 AR U, G I Sk S T
FHE A PDTIRYT . Liu%s > fil& 75 L
IRYOKEGFI B GIKF- 5 (R-MnO,-FBP), 5E
PLAAS H 45 A L LI SR PDT AT AUR . R-MnO,-
FBP 28528 EPRAUN, (B A B A5 ) iF A
SRS, FEE & HO, M IR A bE b 4 H,0,,
FE R E AR T HE— 0 TSR PDTIRITRCR . 78
Zhang %5 " EFSE T, —F AL A AR A0 K
LR RGN SR P SRR, D i e i IR B
MnO, ZH KR Ak L0, 7E b Ra i 7= A 4R, il
TR THFE PR A, D)0 R A I Y e AR
ITRIEDVARIATT . BY9RROS YA 1

SRR IR A TR ) O B R 2 —, A
FHF1 (hypoxia inducible factor-1, HIF-1) JZt
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H,0, &I, 40K ORDK 7= A SRR LA & A B4R
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9 K it A6 9 IR B0, B 4k O,, i T PTT
OEHGARYT) /RT GRENAIT) IRTT IR ik B 4R
SINTTR, YRR A v 4G5 L 17 i A s
PR NAIRE ST, A R FAE SRR v s
FIE— 2 1 41 P
224  FL TP AL S B AOK

Sun %5 ) 5 i3 PA@Pt KA S Hh-P0 - (4-FR 3
DR ARk (T790) B £z i £ T 88 75 o N A

PAd@Pt-T790 4K il . 78 1E# &4 T, T790 &/
Pd@Pt 7 LAFHIET Pd@Pt A2 SR AL BTG 1 5 7
HAEER T, PAd@Pt-T790 (1) A4k EUBEHG K 2
FEARE R . IR TRt T AR T
H,O, 4 8, 3T H,0,5 Pd@Pt i) AH H.AEH
TR BEE PEA ORI o 3P H 7 fik & 1 Tl
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Fig. 3 Mechanisms of catalase and superoxide dismutase—

like nanozyme regulating ROS balance
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FELE TR AN E T h i —FP R BT, ERefERH
e e 25 % I AL 2R L FRIRTATTRICR .
Li 55 7 fift F 9 SR PR 2 SR SR A W RN 5 2R 1
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ML 5 A B AR o G MO S R, B e
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AR TEALIY Ce-FMA RV 7E A FH B AL F 1
T 00T n] R B A S B RR B TR M, kR
Ce-FMA XA IMiHHE I (BSA) HA K E MY /K i
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F 1 F0R ST ORISR A 98 K B AE R P S Y
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Table 1 Summary of the types and applications of the major nanozymes
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Abstract Nanozyme is novel nanoparticle with enzyme-like activity, which can be classified into peroxidase-
like nanozyme, catalase-like nanozyme, superoxide dismutase-like nanozyme, oxidase-like nanozyme and
hydrolase-like nanozyme according to the type of reaction they catalyze. Since researchers first discovered Fe,0,
nanoparticles with peroxidase-like activity in 2007, a variety of nanoparticles have been successively found to
have catalytic activity and applied in bioassays, inflammation control, antioxidant damage and tumor therapy,
playing a key role in disease diagnosis and treatment. We summarize the use of nanozymes with different classes
of enzymatic activity in the diagnosis and treatment of diseases and describe the main factors influencing
nanozyme activity. A Mn-based peroxidase-like nanozyme that induces the reduction of glutathione in tumors to
produce glutathione disulfide and Mn**, which induces the production of reative oxygen species (ROS) in tumor
cells by breaking down H,0O, in physiological media through Fenton-like action, thereby inhibiting tumor cell
growth. To address the limitation of tumor tissue hypoxia during photodynamic tumor therapy, the effect of
photodynamic therapy is significantly enhanced by using hydrogen peroxide nanozymes to catalyze the
production of oxygen from H,O,. In pathological states, where excess superoxide radicals are produced in the
body, superoxide dismutase-like nanozymes are able to selectively regulate intracellular ROS levels, thereby
protecting normal cells and slowing down the degradation of cellular function. Based on this principle, an
engineered nanosponge has been designed to rapidly scavenge free radicals and deliver oxygen in time to save
nerve cells before thrombolysis. Starvation therapy, in which glucose oxidase catalyzes the hydrolysis of glucose
to gluconic acid and hydrogen peroxide in cancer cells with the involvement of oxygen, attenuates glycolysis and
the production of intermediate metabolites such as nucleotides, lipids and amino acids, was used to synthesize an
oxidase-like nanozyme that achieved effective inhibition of tumor growth. Furthermore, by fine-tuning the Lewis
acidity of the metal cluster to improve the intrinsic activity of the hydrolase nanozyme and providing a shortened
ligand length to increase the density of its active site, a hydrolase-like nanozyme was successfully synthesized that

is capable of cleaving phosphate bonds, amide bonds, glycosidic bonds and even biofilms with high efficiency in
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hydrolyzing the substrate. All these effects depend on the size, morphology, composition, surface modification
and environmental media of the nanozyme, which are important aspects to consider in order to improve the
catalytic efficiency of the nanozyme and have important implications for the development of nanozyme. Although
some progress has been made in the research of nanozymes in disease treatment and diagnosis, there are still some
problems, for example, the catalytic rate of nanozymes is still difficult to reach the level of natural enzymes in
vivo, and the toxic effects of some heavy metal nanozymes material itself. Therefore, the construction of
nanozyme systems with multiple functions, good biocompatibility and high targeting efficiency, and their large-
scale application in diagnosis and treatment is still an urgent problem to be solved. (1) To improve the selectivity
and specificity of nanozymes. By using antibody coupling, the nanoparticles are able to specifically bind to
antigens that are overexpressed in certain cancer cells. It also significantly improves cellular internalization
through antigen-mediated endocytosis and enhances the enrichment of nanozymes in target tissues, thereby
improving targeting during tumor therapy. Some exogenous stimuli such as laser and ultrasound are used as
triggers to control the activation of nanozymes and achieve specific activation of nanozyme. (2) To explore more
practical and safer nanozymes and their catalytic mechanisms: biocompatible, clinically proven material
molecules can be used for the synthesis of nanoparticles. (3) To solve the problem of its standardization and
promote the large-scale clinical application of nanozymes in biomonitoring. Thus, it can go out of the laboratory
and face the market to serve human health in more fields, which is one of the future trends of nanozyme

development.
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