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N G AE B AR IR AL LA B AR AN R A4 BR 2595
SCnER AT . R SRR AR LAY
PR AR N T RE R dR)im, AN SCE SR ER 1 A=W 24
FHEAIEF AR A9 5 SR AN THT e AP I

1 AWiedh AT fesml ik

AT AN, B B B 0 M S B AR R
J - PEA A A EE B2 AR oy, e AT TR AR P R
F ot Rk, I R A
KGRI RE, W) LA RIE B, Pt gk
XoF T 28 - A ) A AR AR T A PR B A D T
ZFRELE H, &8 LHAAS Y (EEEAY) . SJam
A LA K 45 SR B AL ) 55 ) 2 — 28 1 A S it 1A AL )
AR, HAURRIE R E SAE A, AT 5 4 s 5
TR EAE IS e H PR B R A v RE. SR, fE4E
Py 24 S5, A A T /N R A R R A
PRI RR . AR E S G R B AR AR N 43 )8
KIAEWEAR . LA R A PIHELLH Bl (metal  organic
frameworks, MOFs) A == B 2 304 LA KB AU ek 28 1A
A IE 7 AR ISR .

1.1 i) mikis

ML S R A B A SR E & 8 AR, IRk
J¥ 4 R IR T 2 A LIRS, HH 450 & A s,
T BB 458 2% 1) 4 B AL ). Wanga5:
PRI AR R R A Cudh A ST A A LU 2 37 £
B RAR, K Hm 3 R T T MR LA KA, TS S
FR(HAUCL)IFRIR A, 43551 Culsi PR A SRR T
AufEARA S BEAb, &) ALY B AR LA T 5 i A S
S50, FEHZS AP E ] AR T4 8 T LUE s 42
J&-O-ZR R 4 & i e [ i 3G PR PR AR 7 5. Yuan
A NI S i 4 10 Bk 4l (Ce O0) B MR 5 &AL &7
(RuCLYRA, #F—4 R /KA S TRuE T HUL, Bl
JETEAT TR F300°CHIR R, BNl 45 T Ru-O8Ru-O-
Ce LT Z A9 K CeO AL (K11(a)). Zhang%s
NUOIRLE SRR (HF) 5 8K R 1Y T B (Ti(OC 4 Ho)g) M R,
B i 2835 7K AR N FTH/ AR T T b b B,
T & SRS AR AR (TIO) A K Fr 2 5k
B ((NH,),CO3) A LHAUCLIE A, TE200°CHIHL/Ar<R
B, A T AubLR T 67 B TIOL AL 7.

5& @SB, SREmieyw RS E
& ISR ELER, TR B A A s, Huang®s
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NS HAUCL 5 RS R4 (CA(NO3),) LA 24: 1 4B /K LI
&, TMA3-F LN (C3HOLSWWE MBI, JEINTEAu,shif
b4 P FE Sz B0 T B Cd R B A u i 7] il 2
TFHEALAL S (E 1(b)). SunZ AUSTLL PO &R AR B0 R Bk
((NH,),MoS,)5 5L (KC) J J5URE, - 5% i 0 AR
# T IE R AL (MoS,) #idk, IR AR AN
(VOSO)FTEA S F 800 CHEE, A5 T VIRE T
R AIMo S, fEAL ).

seAh, LR T4k 4 T8 Ak W 38 Uk dn ik 1k gk
(TisCy), RIFIFHAF ARG VAT IIREfL, 17 55 o
T 5 TisCoZ [ AR ELAE FH, RT3 6 5 B, 3
SRR AT L. InLige AR R (HC) S5 FUAL
BR(LIF) 20 Tis AIC, 3R A5 Tis Co kA, SR i S5 mR k
(N,HgPtCl) 5 Tis Co 2 AR E R & i, Kralife T
J 5 R TR AR A Ho/ AT S5 T 400 CHEERE, 3RAS T PR
F AT CEAR (& 1(c)). Geng® APO%TiyC, T,k
— A, BRI TR T8 Ti; Co T, ALY
SUETRER (K,PACLy), PEFE nlEPAFE 2 e Tizs i b, 3K
F4PA-C BT 1 2R A Ti;_ Co T AL

1.2 A

BB AH R AR (2-C3N o) Y JZ 18] B B4 1) T 42 i W
Bt = AL b, I A M T 7 A
b, AT 4 R B BT A A AL 7. A Xiang e A1
K H IR Z (CONH ) )WE N RTURAER, 550°C BRItk Fm
FR(HNO3) R B 15 % g-C3Ny, FJE 51,10-4F9F % mk
(C1,HgN,) . ZHAR (H,PtCle) LA K — F 3 A (C,HO8)
FEGO CIRAHEFE, et TR BRI T 600°C A& T
HBer B P-No 2 M g-CNo AL, Rao% A P2IR
BUPE A i g-CaN, A B P B | A 48 ST S, o =
REME(C3HNg) . = HRBFIRIR(C3H3N3O3) Al iR 4R
(AgNOR)FMf TR E TR, FFT100°C KR FHiksE

KR, BETF600°C KM T B IRTS Ag-No i 210 g-
CN L.

MOFst— i i 4 J 2 1 ol H % -5 A HILIC i i
P SEAETE I Z2 LA R, th FMOFs BLAT B #1943
4ol i+ 9 WE DR G I 2 SO e 20} =4 K Y SN )
155 THIEE | v ERmAURIFLER A, ol i
B e IV S R L1 R LR N YA
SBBEHATEE T AR, e R, MOFs
B AT S A A LRC R T RE AT A4 SR A L
V8 5 B2 3 BUEMOF st A IR A M4 1 24, Kuai 55
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B 1 BRI AT o R TR R . (2) RuBE T 0 3R CeOL AL i1 5 /5 B I, Copyright © 2023 Wiley-VCH GmbH; (b) Cd ¥t
JRT AR AuSEE IR BT, Copyright © 2023 Wiley-VCH GmbH; (c) PR T 5 48 (4 Ti; Co AL 77 1 45 /= 2 1), Copyright © 2022 Elsevier
B.V.; (d) Mn-N; BB T 25 FUMOF AL 311 4575 2 B9, Copyright © 2021 Wiley-VCH GmbH; () Cu-N,O, BT 71 3 CDs ALl 45775 25
F7), Copyright © 2023 Wiley-VCH GmbH; (f) Fe-N Ml 75 S Lk HER VR 11 6 dom 2™

Figure 1 Schematic diagram of single-atom catalysts in confined matrix. (a) Schematic diagram of the preparation of CeO, catalyst loaded with Ru
single atom!"®), Copyright © 2023 Wiley-VCH GmbH; (b) structural diagram of AuS loaded with Cd single atom!”), Copyright © 2023 Wiley-VCH
GmbH; (c) schematic diagram of the preparation of Ti;C, catalyst loaded with Pt single atom!"”, Copyright © 2022 Elsevier B.V.; (d) schematic diagram
of the preparation of MOF catalyst loaded with Mn-Nj single atom!®®, Copyright © 2021 Wiley-VCH GmbH; (e) schematic diagram of the preparation
of CDs catalyst loaded with Cu-N,O, single atom®”), Copyright © 2023 Wiley-VCH GmbH; (f) schematic diagram of Fe-N, single atom loading on

silica based support™®]

IR 70 552 B SEBKIE (C,HEN,) H 41363 R o A
Cu™, JFFES00°C A F# % Znf3#|Cu-MOFs; iff—
KHBLIR(H,S0,) LR 2 R M Culli%E, il T Cu-
NS 671 2R MOF s Az BB IEAE AL ). Zhuds A2
F|Hzeolitic imidazolate framework-8 (ZIF-8)/F A 4K
1A, SR BT R (CrHs2046 )5 ZIF-8 I 1 i 25 00 3T 5 1A
g5, SRIETI AR MnCL)R A BT, 7EArS
AT 900°CHBRE, il #5159 2 Mn-Ns B 5 11 2k Y MOFs

A BB IEMEAETI (F 1 ().
A HEF H AR ELZR A, 55 15 (carbon dots, CDs)ZE A4
HABRM R, R mds, Brl it an
EMZIKF? RHAER EREM], e — 2RI S i B T
ferlgkik. Ma%: N\P7oR 4 @A HLECIR 2 DU 2 1R
_%W%Iﬂ(NaZ(Cu(EDTA)))Ewo CHRM T BEATIR, 1)
23 Cu-N,O, Fi 7 F 1 A CDs AL F (I 1(e)). Han%%
P850 S LUK B R (CoHgO) FICO(NH, ), A CHR FINTE,
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C 1 HgN, N ECARFHG BER 7] LB S Ay B Fe™, 7E160°C
M T AT N, B A8 Fe-N, L -1 211
CDsfii b 7.

1.3 Rk

AT TEFN, & Jm M AR s AR E A2 2 i A9
RN G SRR BN SR BT, 448 5Tk
JE 5 T — S (ALK X6 1E A 2 sk a0 B = A ok T
IRERIE 0. o, BRILER A KA A . B
FEVE ) — e R RS T HA Y E AN, H
T WFFE 3 I B SE G KA L EL AT VR AR A5 1 LADN A b
IR IAIR &1 A = VDT AT 93| Nii LA s 7/ =52 o
U, & JRHT R R A ) B 24 ) SR A R 2 A AT
SRR FE R A BR K.

ViR — BRI TCHL IS A, Ak AR LKA R
HA YA R A 2T S e FHLARR e 1 = &
o, fE2hfihit . A TR E S EA T Z 1)
L 12 FRATIRL R e T — b R B S
i1 FRASCC 7 s, 7E LA AR REGA K S 2 P B FLEE
T2 S5 R AR SR T Fe i FIG PR A7 44, aniE 1 (D,
AR Je R 2 AL EACREYN K SR i HP ) FLAE R 38
RN, 3 3 A e TR AL AT IR AR i BRI R IE
Jis-b-BE TN MR /PS-b-PAAYFI &5 /N3 T (e e =
FeAL £ /CTABHIE/C sH N)E A B 22 AR5 15,1
2%, P Bk S E ARG K R B T AR () Fe-N-CHiC
PNVEH G SRR ZN AR, SRS Fe LR 40k
TRIT RN AT R AR SR, i e M A R A Ak 7
PAE T HIRR.

2 PR A TR RER R L

S HABR AL, BT AR B A~
BB AT PE G e, i IS PR AR 2
b QYA [ 4 R W U oy o o VAL SO T e RPN BE T )
R T HR Y S TR e YRR, R
) ¥ AR A R b S W BT R Y, TR
B, B FAAR R TG M b O A S AL B2 B oL T
A5 DAL SR A0 50 AR e R )
1 245 ] B AR ) S 25 S L 2 4548 S5 P
PN Z B A LR AR,

2.1 T
WFFERWI, R AR B o A [RDRE 2
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FJE B HEAR B L, SRR AR R
AR A TE PR, R R At [RIAREE T R T4
JEMEAER]. Luo®e AP & 3R, i fhili B i 7 vy ] fofi
Fe T (M SRR, (A5 50 i LUl g Fe B af—
oK H13,3",5,5"- 00 B LR (3,3,5,5 - tetramethylben-
zidine, TMB)E A I 8 Ik A I LA AL 15 1, B ik
AT A I (Fe> AYBE ), BAJRFFe ik i 25t 4
ALYy (peroxidase, POD)i& M & BLACHE N5 I/ N Ay #
B RUHE G SFe B R TS M A& B A =
AENE(FI2(0)). AN, BEEF B, Felf5ir ik
FAT R0 () S BURR/INEE B, 330 R Fe® X T,
TR DN ) sth B R A 3 R B AR (1 2(b)).

2.2 BefiE T4

TR, 38 o O B T A O R A EROR
BEAr RS, T LA RO S 1A 5 %) [ A 3
PE, oA B T3 i B e A R0 7 A P s 24 1 iy
AEPERERY. o, B AR TR E v O R T S D
A7 5 R TC 57 AT 3k 5 e o SR R A PG - HLfer
G3AT L TR AR R R T s AR A M e

WangZ5: A0 48 T AR [RINBC A 5 Fe PR T-(Bd iz
BRI . 3L, PR I 15K (electron
spin resonance, ESR, [&2(c), (d))&5 KM, Mkt
TLE(HL0,) 377 -OHR, Fega-Nakh A=A Y IE [
FHAE(-OH)AHXS & iR (i, 43 A& Fesa-NoFE AN 2.9 5
Fesa-NyFE I 1445, 38 % B2 PR TS (density  func-
tional theory, DFT) i1 45 5 il 1, #H HFesa-Na(1.460 A)
DA M Fesp-Ny(1.460 A), Fesp-Ny/H,O LK Z Fh B 5
KO-OfK B (1.462 A), M F:3O-OHE 75 5 Wit
JERL-OH. [RI, Fega-NyFE X T HoOo A IR B 5 (Dogs)
e/, R T HX TH,0, RAFHIIR TR T1(E2(e), (D).
Fefiith, Lin% A5 oA it B il 45 T AR TR O
DB Cuf i T 1 3R K CeOL A KAL), ST M
MRS SRR, M Cu-04, Cu-Os7 A 5 FEER H B
BYZEPODM G, H: TG # (specific activity, SA)ACu-
O,4f%. DFTIHES R iE/R 1T IR ALE], B
Cu-O5fif s5 BB T —1OJETF, TR T —Fh A sfa, A
T AL O S PR T RS AR, XA A T35
PODEAL N HTH,O* 73— IR, 35 1 HAE AL TG .

2.3 2D TIRACSCAL
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B2 BN EOOEL BB R TSR B A PR R A, SR AR Ak IR BE T Fe PR i A6 R A 2 POD B 1 1 () 5 5t R ) 1)

(b)P¥, Copyright © 2024, American Chemical Society; A~ [FINPC v $Fe 8 HF 5 H,0, A B FIRRE BT () . 7= AR OHF E(d) . O-Of
R (e) LA B T H,0, 1% B A5 0 B 5. (5*Y), Copyright © 2024 Wiley-VCH GmbH; Co-PN; 5 Co-N L T AL 7 OXD i 1 K () I 1
12 (h)1*, Copyright © 2023 Wiley-VCH GmbH; (i) PtHIf% , Pt-N,FIPt-N;PSHIMHEL#EF2H7), Copyright © 2021, American Chemical Society. ()
M=mol/L

Figure 2 The influence of single-atomic valence state, coordination number, and coordination atom type on the activity of SACs. POD-like activity
(a) of Fe single atoms at different carbonization temperatures and relaxation time (b)1**), Copyright © 2024, American Chemical Society; EPR (c),
relative -OH content (d), O-O bond length (e), adsorption energy and distance (f) of Fe single atoms with different N coordination numbers mixed with
H,0,%, Copyright © 2024 Wiley-VCH GmbH; OXD-like K, (g), and reaction pathway (h) of Co-PN; and Co-N,“°!, Copyright © 2023 Wiley-VCH
GmbH; (i) the catalytic pathways of Pt clusters, Pt-N4, and Pt-N;PS™”] Copyright © 2024, American Chemical Society. M=mol/L
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B 1 S I v Tl AR 35 A i B B ARG I, Rk, &)@ -
N (O) B ML IR A JET 7 P (37 235 A4 78 W B A 5 7+ i) £
AR BRI, AR, SRAIP. S| T
LG T BRSSP N(O) R Al Sl 3 e Ak 4 I oo B 7
P8 T BT AL 1 ),

LiuZe A ORI BUR Co-N
— AN B IE B Co-PNs AT, HAEFRPES M TR B
SRR E AL B (oxidase, OXD)itE, H W HLHELEAEL
2 HO A0, WNE2(Q)T7R, Co-PNyEAJE it
AT ) B RS TR (V)5 K B (K ) S TR 52
[ Co-N A T AL K. DFTIE HBH, PRYBL LGSR T
Co LGP s XT O, I it e 71, ELf Akt b 5 )
E|*OOHMO-OfE(KI2(h)). [FFEHD, ChenE NS,
PeAL R TR [R5 A T PRSI, JE T Pt-N3PS
PR BT HEAR ). S5 IR R, A L PR FE 9 K il
(Pt-NPs nanozyme) 14N P 4K il (Pt-S A-
zyme), PHISITH95 | A KARTH T PLL R FiEAL I
KPODBHEACE (kea/ Ko), PIF T I HL FHEAIR T T
Pt-N;PSHURAY L F2540, AN, SR T2
FHRTE T ALTETE. AN, A PN A AL (B
£21.95eV), Pt-N;PSHLE P (F420.93 e V)T [}
H,0, 5 5 /3 i P *OH, - T W FF7E P A% 1 A 9
A-*OH I ] T i * O FITHL 0, 1A 2 - OH (&I 2(1)).

24 NGB TBCAL

ARFTJRVAL,  HEF A SRR 5155 AR
JoT 4 SR AL TS DR RIS, X F2 A5 45 T4
B4 Z AP RIVE T, R T ak P A A s 34
2. YRR & E O R R B AR E R, W]
FARS M A, T R B i IR b A AL T M R
LS,

Zhao®F NIEZIF-8A114: B AR B THES
G AR Y BUF T4 (Fe-N, 5 Co-Nis). 1% 04 & Hu i 1
AR 192EPOD . ZEOXD A AL A i (cat-
alase, CAT)IEHM: W& T4 8 107 s T 2R fi
L7, ESRZEH(EI3(a)~(c) R, X4 & A5 Tk
) 7~ H A A 76 P 4 (reactive oxygen species, ROS)
{55 (-OH, -0, F1'0,), FIHIZIUA T L] EA b
ISR AL TR PE. Ak, ChengZs ADPZEILM A HLHELR
(covalent organic frameworks, COF)fTA:= FIBRZEAR [ A%
IR P, FeXUR R T 4454, BR2ZEHEE T v] B 0
I3 AR o O B, LI A AR A R 2 [ e L A
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T X TR A S5 A T B 25 SR 52 T N3-Fe-Pt-N3 il X
& JE R E T AL S AEAE,  JLZEPODRMHE fb 15 M 2
15 Fe-N, A F-11186.4%. WangZi APFE3DZs[A] P,
S Zn R T T b S AN, RS
RERM RS A2 Cu R T ihak, MERR RS, I
LHRAT T Zn 575 Cu i 40 5 1 DU R P4k
F. 54w B R HEALRA e g, W4 IR Cw/ZndiEfk
FIEA B B3R sh 1 S4k2Esh R, nT DA
A ZROS.
2.5 SR ZUENS

WHRAFOUT, SRS AM-N-CHI 2514
W EAE, MihsE X8 — 78 2 B ClR - HEA 58 7 B e n
B. P. SEJFF, M AL EH TR —7)2
NI [ 55 50 2568, dEmRES o4 8 R ik
Lh2,

Hao% A\ E A Zn-ZIF A it #2 b A NaBH((2-
FH SR )3 ) 0 R5 2 - FF SE Kol BJF 5 A Zn-N, P 1
PR —FE 2, I ZoJ5 7 B & FpC () B %
I PRAES(E). WFITHRM, BIES )2 MBI, Al
Zn-N SR AL 2SPOD R G M4 T2 445, Hiifk
B koo Kon FTHETF25.6485. XK R, BAYS I ASEAS Zn 5
FHH BRI, BT SR AR, SR
S8 TR A B BE 7 ELYE A T 27 J2 T T A B A 2
PODJ i 2 (E3(d)). tob, BJEF5 I At 58 Zn
I3dHIE S5 ORI pHLIE FE BN, W Zn-N,-BAG A
Zn-OfE A W HBE 1 53R (F13(e), ().

3 T REARFITEA P U B S

BT R TE A ) B 2 AU o T AE T
AR ISR | R R AR AN R4 0 A ) 2
A, XSRS T AR R e SSORT e R Y A ) B
AR SR AL TR T REE. BT XA RIS AR L
WL oK, W ATl A S P s
R AR T T RPN BR T 52, AT
o L AR 3 B D AR AE AN [ AR Y e (U Je g
MEGT O, B . TR LAY R . A
AT IS YT T .

3.0 R

(INE PR E Ta V(oF = PN 3 e e ek S)
BT A UG mse T, T HL, A R TR
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Figure 3 The influence of multi metal sites and the second coordination shell on the activity of SACs. ESR spectra corresponding to POD (a), OXD
(b), and CAT (c) activities of Fe, Co double single atoms and single metal single atoms™’], Copyright © 2022 Elsevier Ltd.; reaction mechanism and free
energy diagram (d) of the POD like reaction between Zn-N,-B and Zn-Nj sites; partial density of states (PDOS) of Zn-N4-B (e) and Zn-N, (f)1*,

Copyright © 2024 Wiley-VCH GmbH
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Figure 4 Single-atom catalysts for antibacterial applications. (a) Mn-N, single-atom plate inhibition of E. coli and S. aureus in digital photos;
(b) schematic diagram of Mn single-atom photothermal synergistic chemodynamic therapy; (c) photos of wound repair using Mn single atoms; the
expression of inflammatory factor TNF-a (d) and cell repair factor CD-31 (e) during Mn single-atom therapy. Group 1: Control group, Group 2: H,0,,
Group 3: Mn SACs, Group 4: Mn SACs+H,0,, Group 5: Mn SACs+NIR, Group 6: Mn SACs+H,0,+NIRP®, Copyright © 2022 Elsevier B.V.
(f) Antibacterial activity of W single atom at different concentrations; (g) therapeutic images; the size of bacterial infection wounds (h, j) and the
bacterial activity of wounds (i, k) by W single-atom therapy"”, Copyright © 2021, American Chemical Society
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Figure 5 Single-atom catalysts for tumor therapy. The charge difference between Fe-Ny (a) and defect graphene (b); (c) the frontier orbital energy
levels of Fe-N, and defect graphene; (d) staining of live and dead cells under different treatment conditions (green: live, red: dead). (I) Control group,
(1) Laser, (IIT) CDs@PPSNs, (IV) CDs@PPSNs+Laser, (V) Fe/CDs@PPSNs , (VI) Fe/CDs@PPSNs +Laser, (VII) Fe/CDs@PPSNs+H,0,, (VIII) Fe/
CDs@PPSNs +H,0,+laser. Changes in tumor volume (e), and weight (f) over treatment time and corresponding physical images (g)**). The NADPH

consumption (h) and -O,~ generation (i) of Se-C, single atom; (j) schematic diagram of Se single-atom therapy; (k) changes in tumor weight; (1) the ratio
of NADPH/NADP" under different processing conditions'®”, Copyright © 2024 Wiley-VCH GmbH
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Figure 6 Single-atom catalysts for arthritis treatment. (a) PdZn/CoSA-NC processed knee joint images; (b) HE staining and safranin green staining of
knee joints, as well as HE staining of synovium; (c) expression of pro-inflammatory and anti-inflammatory factors; (d) schematic diagram of
polarization from M1 to M2; (e) fluorescence staining and quantification of iNOS and CD206. G1: negative control group, G2: positive control group,
G3: CoSA-NC, G4: PdZn/NC, G5: PdZn/CoSA-NC*¥ Copyright © 2023 Wiley-VCH GmbH

F. XFPE PR AT ) B A R 250,
UNBAT 7R 8 BRI R 4 AR . KGRl 24E LS. Kim%
TR FH Fe- N, BAL - Ak 77 X PO DTG ) 1o e %
P, HENL T LB S A Y R R G AR R i
Fe fu i FEAb 57 5 2 WL B R B EC ), £ W AR A e
50x107°~1000x10° mol/L i B 5 [l PN 5 HW IS (1 f
PR R B, HERAMRATS2320% 1077 mol/L ) £ FkAH B

Oy, i BN, AR EEPATRRIAR, Feffi)si T
HEAL R A A B AR o . A R A
AEE SR IR, IR P A A KT % P B R
o CHIVBE PR s i A ) ) B AR bR 2 —. IR —Fof
FFAAET PR A B Ao, HOK P S A
] 55 0 7o PR R ILRE AT G, Yuan ™ ALV FIRu L5
TAHELETAN 70550 5 H A Bl S A L DRI RGP S B 1 %

3853



M4 b B 2025588 FT0%E £23H

() Pre-injection 1h

Gd-SA

Gd-DTPA

Gd-DTPA

%

500 550 600 650 700 750 800
Wavelength (nm)

Glucose ; 0;‘{%?23 =H202 go:s r
W S gl 20
GOx /= £02
o @ -

. y= 0.000826x+0.0946
E R?=0.992
o 0.8
Yo}
©
5
1000 ©06
805 2
600 @
40055%) £0.44
200 -
0.2 T T T v :
200 400 600 800 1000
Glucose (UM)

y=0.000534x-0.00481
1 R?=0.995

)"NN ‘ J E
UA ﬂnmm\ﬂ : '|1Illll|'l‘ﬂ H202
@Uncase i!
.
500 550 600 650 700

Wavelength (nm)

750 800

400 500 600 700 800 900 1000
UA (uM)

B 7 SR TR T ARG SRR, Gd-NGO, R T-5 Gd-DTPALE IE 4 R () M/ INIE (b) il ] 25 £k MR IEH 2], Copyright ©
2023, American Chemical Society. RuffJF Ml AT (c~e) IR HR(F~h) /18 B 18] LA BN R Y SE AN e i 2 e R 12), Copyright © 2023

Wiley-VCH GmbH

Figure 7 Single-atom catalysts for bioimaging and biosensing. MR images of Gd-N4O, single atom and Gd-DTPA over time in normal tumors (a) and
small tumors (b)), Copyright © 2023, American Chemical Society. Schematic diagram of Ru single-atom detection of glucose (c—¢) and uric acid (f-h)
and corresponding linear relationship of UV absorption spectral'®), Copyright © 2023 Wiley-VCH GmbH
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Table 1 The chemical composition, carrier types, biological properties, and biological applications of reported single-atom catalysts in recent years

A2 A IR A ERE N7 P4, SCHik
Gd-SA 25 IRYKER EX7)IRES [65]

Pt SA/C3N, g-CN i CAT/SOD BRATR [21]
PdZn/Cogs-NC 2R SOD/CAT HRITR [63]
Mn SACs 2R POD [Z1REqnT) [56]
SeSAE MOF NADPH RbhIIEIT [60]
Co/PMCS MOF SOD/CAT/GPx MeFEAE [68]
PCN-222-Pt MOF POD/OXD FR% [70]
Fe-SANzyme MOF CAT O O 5% 111859 [69]
Fe-N-rGO VaE- I POD I ARG I [67]
CeO,-Ru CeO, POD PR/ A A [15]
Fe-SANBs Tkt Rk POD JigE % 5367 [38]
FeSA-N, bt POD SLAETH FE R LB [40]
FePt-DAC/NC COF POD IR [50]
FeCo-DIA/NC MOF CAT/POD/OXD JhIEIGRTT [49]
Cur/PHI PHI OXD/POD Einz] [36]
H-MoNs@PtN,/C MOF OXD/CAT/POD iiEraEyis [71]
Fe-B/N-C SAzymes MOF OXD/CAT/POD % [35]
Ptrs-SAzyme MOF POD e/ [47]
Co-PN; SA/CHO MOF OXD/CAT/ JhIE IRy [46]
Zn-SAs@BNC, MOF POD iiSr=rrg [53]
ph-CDs-Fe SAzyme ke st POD JihgE Ity [28]
Zn/Cu-BSAN-DOX NPs MOF POD i [51]
Fe/CDs@PPSNs FALREG K BR POD L [33]
V-MoS, MoS, POD YRR [18]
Cu;-N, ISAC MOF SOD/GPx/APx RN R SIRYT [25]
Cu-CDs-300 s, POD iiEraEyis [27]
Aug, Cd A A% MoS, POD SbEE B [17]
Ag)/CN g-C3NJiE SOD/APx/GPx Einz [22]

Mn/ PSAE MOF CAT/POD/OXD JhIE IR [26]
Pdga/Tis_C,T, MXene CAT/POD RhIR BT [20]
Fe-SACs MOF CAT/POD JhIE IRy [24]
Au-SA/Def-TiO, Def-TiO, POD BbIaIE YT [16]
Pt-Ti;C, MXene POD ez [19]
Co-N-Ti;C, MXene K RIBW [64]
Au,Cu, CufiK7 J5 1A OXD WG TT [14]
Augpy/MXene MXene CAT ilEraEvis [72]
S-N/Ni PSAE NiS POD/GPx i [43]
Cu-JMCNs R CAT IR [58]
Cu/CeO, Ce0, POD ey [41]
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Confined carrier and regulatory mechanism of single-atom
catalysts for biomedical applications

Shiyu Xu, Siyuan Yin & Dechao Niu"

School of Materials Science and Engineering, East China University of Science and Technology, Shanghai 200237, China
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Since the concept of “single-atom catalysis” was proposed by Chinese scientists in 2011, single-atom catalysts have
attracted great potential for applications in fields such as energy, environment, and biomedicine. Compared to traditional
nanoparticle or nanocluster catalysts, single-atom catalysts have advantages such as maximizing atomic utilization, unique
electronic structures, and enhanced catalytic activity/selectivity. Especially in the field of biomedicine, metal-based single-
atom catalysts have a significant advantage in their high stability in complex physiological environments since they do not
produce biological toxicity caused by the aggregation of a large number of metal ions. This review summarized the latest
research progress on the types of confinement carriers, performance regulation mechanisms, and applications of single-
atom catalysts in the field of biomedicine in recent years. Firstly, the single-atom active sites-loaded carrier is an important
component of single-atom catalysts, which has a remarkable influence on the performance of catalysts. In response to the
demand for smaller particle size and good biocompatibility of catalyst carriers in the field of biomedicine, this review
focused on the research progress of different types of carrier materials such as metal and compound carriers, carbon-based
carriers mainly composed of metal organic frameworks, and silica-based carriers for the confined loading of single-atom
active sites. Subsequently, based on the relationship between atomic valence states, coordination structures, and
performance regulation mechanisms, the biological performance regulation mechanism of bio-applicable single-atom
catalysts was discussed in detail. The majority of single-atom active sites are located in the metal single-atom sites of the
catalytic center, and the structure of the active center greatly affects its ability to adsorb substrates and intermediate
products, as well as the energy required for bonding and cleavage during the catalytic process. Next, we summarized the
research progress of single-atom catalysts in different disease models (such as infected wounds, tumors, arthritis diseases,
etc.) as well as in fields such as bioimaging and biosensing. Due to their unique atomic-level structure, efficient catalytic
properties, and good biosafety, single-atom catalysts provide new possibilities for developing novel and efficient bio-
applicable single-atom catalysts with high selectivity and good biocompatibility. Finally, we looked forward to the
development and challenges of bio-applicable single-atom catalysts. Currently, there are still some issues such as high
preparation costs, further verification of long-term biosafety, mechanisms for enhancing/deactivating catalytic activity in
physiological environments, and a certain gap between catalytic activity and natural enzymes. This review aims to deepen
people’s understanding of the regulatory mechanisms and biological effects of single-atom catalysts and promote the
development of single-atom nanomedicine.

single atom, confined carriers, coordination structure, regulatory mechanism, biomedicine
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