)) )]s iR
Progress in Biochemistry and Biophysics
' 'JXXXX,XX(XX):1~18

www.pibb.ac.cn

SR AVIERM KB RAR

Fﬂ.:\ l@,ré\ 1,3)

I{Z'ﬁ %2) dgjg:\%il)

IR R

(O TR BE2EBE, 1M 5103105 2 RZABIRFIEAZERE, TN 5100065 3 TTARZGRNREH 2 A T, T 510006)

E YOREHE S —F A IS RGO R, S5RIREAI L, BRI R o ZANRIREE TN . X R A AL
BTS2 . 2B A PIHESE (metal-organic frameworks, MOFs), BIZILEMIIRAY, BAZMEZRENE. &l
Fm A FLBRASRE AT P SRR T . AT PSR A PR L R S5 A nT PR i M, 3T MOFs M E 1 9K i 32 BIB9S 2
KV A SCELRARRIZE A MOFs JE KB, T8 UG MOFs . AL #E4fi i) MOFs . MOFs 342 & 41 KL F MOFs £ 4E 445 Y
KT MHATIER; BlfS, X 4Fh2E5 MOFs JEG4 K B0 R4 A5 JS RV AL A0 0 EA IR 9N R L s o %o H 24 i T s Ak

TR K R F AT THE .

XEBIR SEAVHER, YOKEE, EA0R, BT
hE4SES 0627, R318.08, 069, Q814.2

KIRWG, VERAEYRN—EA S TSR
KorFEAR, EAEYERNA s 2 0H
SRR SR, RARBEAYSRAEXERE R . A2 A
TRy R 25 R R PRI A5 a5 LA T A E Tl 2R
7 AR AR TN IZ N P TR AR
B AESE , JFA AT TR . e MR RSty 2
PR TR B A E R . GORBH N R R i
THEA B PE R D REAN KA B IERE T JC AT LAY
PESAN R BRI, 518 TR AR X HAE
YIRS . U BE2E . IR AT T T
SRR S BRI 2458R

4 J& A HLHE 22 (metal-organic frameworks,
MOFs) 2l &E &1 (SaBE%) A LA
L C LAk 27 B B 2H 2B B 2 AL AL A AR
L7 MOFs A — 28 B ToHL-A AL 22 b A1k,
HA LB FLIBZSH AT | 52885 AT e LA
K IhRefr s e SRR Bk AP E T, HETE
BTz N TR R B L L RGBT R L 2
Wizt 1 G 2Rk . LAk, —28 MOFs B8
A B RAFOURBDIE R, R LUER TR AR A 5) 41
BOTEPEG 88, RERE AR SO I A R A2 fil i Ak
WAL, HETTPE T S R B AR IS P T MOFs
FE AR I A YA AT DK Bl 1 v AL TG PR R i

DOI: 10.16476/j.pibb.2020.0282

FasElE, WML MOFs iy 2h#8 2R ffLAR nl a1
S IR, MOFs 94 K Bt /e i Ak 45l 7 25 5
S R 5L e

KL BOEAT B G PR 550 1Y MOF's 40K b1 R
YL ZAUAERRGERIE ), XA B S L
T T, RN BG R4t e &
P, ER R T HARKE R A S o B0 re s, PR
T HARST T X MOFs 1 P i i ml Kok 780 o =
4 MOFs %575 1, — 4k MOFs 7] ffi H ELA 500 S i v
B, R EERE . 5 T, KL
FMAL, R R 2 AL, K
K& T MOFs AL RE 02 . kol — 4k 4h
FR) MOFs ATVE AR, FEAEYME IR | B2
H bR ) 72 A LA KA B4 P A o e 2 T B
P AT K g ) P AR SCEEIR T MOFs 644K
fig A G S50, F2 22 AT B MOFs , fb2# & 1Y)
MOFs., MOFs %42 & # B Fl MOFs 117 A ) 45 P4 K
HHEPATIER; FiJE, % MOFs JE4 KB A A #4
w [EF HIRRRE R4 (82003710) BT BT H .
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T b AR SRS FHREA T IR G AN LR fi e R
ST P AR LIS A T TR

1 MOFsEHKEEHIE LB T HEL EaE

ST TV E AL R N TR S, BT
AT DIRE A A A ALBC AR 2 B 3k B A e
YR EE B A, I MOFs 7E A4k 45l 473 v i
£ €00 22 2 1 H i AR B HLA i AP B 1 MOFs,
o 2 FE MOFs i B8 0 PR 4y 7 (8 gk k) |
ST AR A B DL R B A AT M O 4 Jm A A
BCA7 B RE T AT LB [FA R . AR A g
KEFHARIZEIY, A SCH R LR MOFs {2181
MOFs, MOFs %t & #4 ¥ Fl MOFs 1iT A= 4 45 4 4>
D5 RTF
1.1  BEEMOFsHIE B 40K By

MOFs HATfLIAZE T . FLIEFR R Z DL SR
PRAGDUORALROAEE SE L, X A5 Rt BE 1S
WM E B 5 WA 4R s (W Fe. Cu, Co.
Ag. ZrZn) SHRE. MHE . BEasL . RIS
A PLBCARZE G T AR s s, B2
e 14T H = AT 7 1) MOFs 222

& I FCAAR A AT AR S A AL B AR R i 1S MOF's 4
K. 20124F, Zhou il ' R Zr G YIN 4
JETT AL RN LT 2 IR B T A2
4 1) 5 L 43 JE MRk MOFs  (PCN-222(Fe), ZfLHAD
{37 P 4%-222) . PCN-222 (Fe)fE N9k BB A
HEMHEALTEYER MOFs M KL, B IfEfLERE>
U5 LN AT IR RS Pl B L AR A
3.7 nm, FKME2200 m¥g, HAIELILAETRE
PEF KRR EME . BEJR, Yo%§ ' Fll Aghayan 2§ ) ffi
1 Fe-TCPP (TCPP = U (4-}RILFLFL) Nk ) 1K
HERERLR, il B AR E ) PCN-222. 7E 48 fb-i8 5
TN, Z AR T B AR AR AL, AR
WAL S PE T F A A B (glucose) At A1k &
(H,0,) Ayl .

5 =4 MOFs #H L, 9K 9 1) —4E MOFs
PRALTTINEE IS TEALS, S TR HGE
2, DU/ DY HRE RS SE ) o1 SR Y
TEVENT B, AT CE MOFs ZEAEAL FIAL 8RN FH )
PERE " ¥ TR ISR B A RO, 3RS
J&I5 5 (M =Co, Cu, Zn) FIAHHLEHEY TCPP
(Fe) AT LIAY £ — Z 51| 3 — 2 M-TCPP (Fe) 4K
R, JEEE/NF 10 nm 2 ST 2 L Ak
TP AR e B R R R M s, i nT ARG T

RIS . Qin 45 ! MRt (W, —#%
M (AMP) . — Wik lik (ADP) . =W R JIx
(ATP) . fEBERREE (PPi) FIBERRER (Pi) %), XJ
iR B i SRR RS AU TG P Y 4 MOFs #181
AT, I B T =R R R ik A
FEWEBR B/ S () ATP I PPi K ffad B2, ATl 45 1
RGLIN A= A it P 7 T R HH BB TR k25 ) A0 K T JR
arfEL]

T BT RARAC AR - &R s rIfE A, Wei iR
B il TR &R BT (Cu®. Zn®FlCo™)
Y14 )8 AL TCPP ik, TCPP(Fe) Bl A il i (1 —
4EMOFs A [t [ 3R 45 Ja 25 BT il B A e A3 A T 1
APEAL TG, X R WIE T I 21 3R PR A A7 A= ) e D
JE Yk MOFs 44 K B i 3% P bt = AR . i 7=
Yt 25K Zn-TCPP (Fe) i 3l 11 “¢ R FEE AL 1% M L
=HES5H Y Zn-TCPP(Fe) mPifis, MBAITRIIZAA
Jerd S AP BEG YE Y 4 MOFs(Zn-TCPP(Fe))
#E ST R B 5 PR B (alkaline phosphatase,
ALP) V&MY L € ¥ . PPi, ATP I ADP X Zn-
TCPP (Fe) B2 it S AL Wyl 1 A T /T, Rt
455 ALPHEAL I KM SO, o] LU R4l 3 193 L
BRI s AE R, W EXT ALP A 1R 4F A e 14
FHREEE

{87 5. MOFs M OBHI 4 & rhoO s EocER .
FEE . JEICRYE, UM TR &R, Hib
N H#Z # R Ce, Fe, Cu%%. Dalapati % ™' & #)
i L4 IR ATHLAEZE A B (Ce-MOF) [EAT Y2 AL
({300 S IR NN E =R ot I A G =R f U =R
Yy Y, 4N 3,37, 5, 5 DU BRI OR ik
(3,3',5,5"-tetramethylbenzidine, TMB) ., 2,2"-fH%
TR (2,2'-azinobis) . 3-Z IR I EWE B -6- itk iR
(3-ethylbenzothizoline-6-sulfonic-acid) , 2, 2'-Hk % -
T3 -ARIRwEME 6- R R ) i (2,2-
azinobis  (3-ethylbenzothizoline-6-sulfonic-acid )
ABTS) . UiO (University of Oslo) Z 5! #1 K} Ce
MOFs (Ui0-66) , HAMEZLNAFAE Ce™ < Ce I A
R TERIT, PRUE T 418 1RO SSH G . 7R
FEET, Ce'/Ce" “HEMH” RGN 7Y%
Ab-38 i S2 HL A4, TMB U S A0 B £
A (oxidized TMB, oxTMB) ( [#] la) ; Zhang
25 5 ) S HG 545 HE U066 (Ce) 4 TMB HY 25 Al
NIRZ B RBARRK CHE A (Km{E), BG5S
YIRS Hg (1D B AU Ak TMB i) 24 5
Fpl (Bl 1b), il T™MB ry 84k, 5T i )s
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RN, F: EEBAVIERMNKEHFARHR *3:

FHE T LS G V5 e ) Hg (10) By e (0 A2 %8S . MIL
(materials of Institute Lavoisier) £ %1 [\l MOFs 1
B, 0 MIL-53 B | MIL-100 2% | MIL-101 B¢ |
MIL-125 B% %, HARE s . REAK . N
G JRAL S S A O, IAEAE R, A 1RENS 4
1 Fenton S N LI 70, & 3F 5 W 9 2 6] ) HLF-1%
i, AR, ACARSFEIR AR, T
TR A AR A S S N, LAEIERA 3 MOFs #4 %}
LA 2 A AR W il 1) AR TS M . Wang 45 ) 15
H, S MOF (Fe-MIL-88A) — 1% M T & H 4%
T HEEI Y MOFs M RHIT A RHIE, EFE =Rl
FAL TMB I, [ERES BB By (s ik, &5
AL ZETE Fe-MIL-88A JE] [ 1438 Fic {4 F1E i BHIR 5
Y (thrombin, TB), HI<HfIHAEL TMB, 3
FRA AR R TRA Y F (TB) M
AH IV A4 3 C A6 Fe-MIL-88A H9ZE 3 A AL 1y b 1% 1k
TR BRI ], 8 Fe-MIL-88A 1 F T2E ¥y 43
TR

Chen %5 " SR FHE RISl 28 T B IL & B A HL
FEARGNOKE -, B T AR 22 I TG M s R a1 L
FEFL, ZAUK R R LR 0 28 AL Y il S
PR R A BRI HICHE DL R TMB 1) 155 2 F
1. LA HO, FE4E T, B Al ] SR PR 3 b 44 b
TMB A AL A R A 2 (0 0 6=, R HF A
I8 FNE R HLO0, ARz . Shi &5 0 I H —4k4)
KR (Cu-MOF) WA 28t AL B, 5
BT X H,0, #1 Glucose 2 YT I . 278 F il 4E il
AL, R thm, BT LTS A
FE, IHENBERE G RIS WiTE b .

J34b, Wang 55 it T HA SRR B
A ALY (horseradish peroxidase, HRP) {4k
PRI AL, Bl PPi 4y S 19 Cu-MOFs. Fifig ALP
51N, PPi/Kf# AN Pi, XfHifH ABTS &b Mii
Fe M5 510 ABTS ™, IRIIZ 40 K ARl A6
ALPIHHE (Kl 1c) . Wei 1B ) 38 i fa7 B At 375 77 44
2, RORIE TR (BRMREEIfTEY)) RIS ER BT
TR AL, A B IR (9 % B MOF 4 >k 44 &)
(PSMOF) . % PSMOF M RHESE IS 1F T R IR
S A A AR BETS E . H RTACBUN S E AL B
XA LG W RE AT R, SR T X — BB MOF 45
FREINT AT DG, PR AT TR AR S AT
W AE . 0 T PN HT OGRS AR RS, A
T NGB E AT pHAE . PSMOF ¥ B FDG I 1] 5
AR 55 . R T i — 20 R S S A R 1

BL, AR A F R iR . (ESR) #i
PEAR R IO H R PSR b R Rk A . A
H K (glutathione, GSH) J&—FhAz A P & i
F @ PLEATZ—, ML GSH K1Y 5 Al
V2N EBIERAGERZEEN LR . &R K
B, S 8 MOFs BEA% FH Rl 1 & 40 e A 4
M ) GSH K-, HA RAF s A R,
PR M A= i A v GSH F 5: PRI HLA B 223 3. X
—WFFRAE & T YRR D2, i HAR
LB N O e e e e I i e A IV < B s i
AP AR . Liang 55 Y 5] ARZATRRVE M BCIA,
Fay 4 545 R BC A 1) 7% 4 MOFs  (Cu/ GMP MOF) ,
JEs A S SR IR M, ESIR . s pH . =
AN AR S N A AR E R, IZ A
AT AAT AT v B L ) S R I IS, B X o8 —
Wy, 250, AB2E @y A ERR (K 1d) . cw/
GMP MOF L 85 11 Bl HL A T 5 1Y e KR 1 %
(Vo) FAHIL 9 K 8. ZEA R EALBCR T, G/
GMP MOF i A LU (Laccase) K242 4001,
X HE— A UE I Cu/GMP MOF R 78 3R 48 75 YL L I
PN W AR 2N A
1.2 HEEMHEIMOFs48 K By

— BB R, MOFs BE 457 A 18 1 4 8 A 5
(coordinatively unsaturated metal site, CUS) I #1]
AT, DI T, JRnE 4w
SRR HLBC AR 35 AT P g fk . Cui 27 R B
MIL-101 (Fe) F 11 I /) 42 J& 7 25 Fe*" 5% & + %
(Prussian blue, PB) ‘&% A9 CNERIERCAL, AT il
7 N HEARSS 14 25 5] 90K Z2 £ PB/MIL-101 (Fe).
ZACEYIE N — R R S A b i A L, B
e AR AR R R, WO BE N S R R 2.40 ~
100 pmol/L, #:HiFR (LOD) 4 0.15 pmol/L; Mao
S5 U R I B- IS Refk (B-CD) —OH
LRI MOF-235 (94 J& 25 Fe* " Z (Bl i BC Ao AH B AE
FHAIE B B-CD &4 MOF-235 B4R 5 17 . MOE-235/
B-CD & A W%t K1t /H,0, 14 2 [ RE HA 5 i i i
feidte, HAb2E & G0m EE H A m & K85 /H,0, 74
AP E 3050 (K 2a); Valekar 48 ) F| H
MOFs IRf S, KRR R 3 CUS B g
I 75 — Wi B fiE Ak B MIL-100 (Fe) , 1% B B fiE 1k
MOFs fki_I- (% 61 f fep il i b e 5 1, ffiafy IEFL Y
TMB 43F 5 W (25 R0 g, i L el 4 il 42 A
RN R RN, A B TR MOFs R [Hi 1
Fe il Pty , DA St AL i s 1k .
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Fig. 1 Construction of nanozymes based on pristine MOFs
Bl @B EBEMOFsHE 9K EE
(a) Ui0-66(Ce)-TMBIAFXTHg (1D i L AL R JFRE 1331, (b) Hg(ID-TMBZE- AR L 325
B L L AL R R 25 (d) Cu?" 5 GMPI R A IMOFzyme B AAL I R 72 (447

(¢) PPifrF ) Cu-MOFAEAL 1% 1 ) M e 17

i R A, W T — A H & R Y RE fk
MIL-53 (Fe). TMB 5 H 2% MIL-53 (Fe) Z [H] Y 5%
Ay ¥ 2 A AR G PE i 1,0, Ak A Ak
TMB, &M AsRZIA S (K 2b); TMB

Sl = X (post-synthetic modification,
PSM) JEH THREPEYIFI I A LG U MOFs DL 71k
MR RO T-BL, WAl e B s
Mii MOFs ) 5 —Fhig 2 . i, Chen &% 7 f 4 )d

TR (ZE ) FIER (2, 2-BRMERE-5, 5- TR
fiR) ZHAY T UiO %4 MOF ZH K ik, Hr Ik nb i ic
WHERET (Cu*) MSERAE T RNENE S
Huly . TE HLOAFEMITEAL T, B EA e ALt
DR Cu®-NMOFs KR, AT 43550 9 6T Gkt
(amplex-Red) . ZE % (dopamine, DA) HE17%
b, UERZOGIAK R . AH6aER, WalESgXK
Wi/HO, R R = A2 O . Zhou 55 1l i 7
i oy¥ (RILANILIRIEY, PhSeBr) IG5 214 It
MOF (UiO-66-NH,) FUHESE |-, 40U v R0y 43 e
H AR ALY (glutathione peroxidase, GPx) #&
W) . BT £ 1 Ui0-66 (Se) E A 7 IS 4 GSH 917
ET, bz e ; Uio-66(Se) BA
AR PR E MRS MRS E R, TETRECIME AR TS
R RAFAEALTEYE, 2RI ARSI+ 78
MAMARFET, ZFL MOFs WIHE AL 22 ()4 A6 1
Hl . Dong 55 0 KK A3 R MIL-53 (Fe) FlH &

76 T 1 H & . MIL-53 (Fe) Km { kb MIL-53 (Fe)
/N, TEBEMEFNER P S5 F T B2 Lk MIL-53 (Fe) R 81
AR

74N, ZHEMOFs 9K Fr iR bl HA& R F
PEAR TG 45 7 B T35 o . MOFs | 1 ] 5 #E A7 1&
T BAA HLEC A, BERS I T MOFs AR Y T RE . 4,
Hu %5 B SR H T _EA OrE, 78 Cu-MOF |
BRI, A A £ i A Uk B Ak B 114 2 4
1L IEER (AL TIREfb 4 /8 A MIHESE (NH,-Cu-MOF) ).
1.3 MOFsEE&##

9% MOFs I3 P s 32 B F CUS 1 i 55
PR 0% T A6 A DA B B B I T S 1A Y, (E
SR LR AN A AT (NS T RE S AR I B
HIZEEAI R, RORFAE T LI MOFs R 3Eal i 52 44
BRI Tz R R B R TR R R RS A
MOFs (4L Bt 23 [] sl 58 73 F 0 #E MOFs 3R 11, AT
LM MOFs & &+ (E3) . MOFs 2£& & 1 kL fe
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BN, % SBAITERMHRBHARER °5.

RO

: MOF-235 : MOF-235/8-CD | :B-CD ‘: 1,0, 3, : 0H 0o

(b) 150°C
FeCl, * 6H,0 + 1,4-BDC

Glucose

Gluconic
acid

Fig.2 Construction of nanozymes based on MOFs with chemical modifications
B2 FEMHRIMOFsHKES
(a) MOF-235/B-CDE A E KT /H,O MK R b F R EHLEE 14505 (b) RHIPSMIAAEMIL-53(Fe) L il 4 H&RMIL-53 (Fe) k7] (49

B ERmEARAR RS, T H = E AP EAE T
KA IR ROR 4% F AR BE 3 MOFs 1 & &
WORETYERE (0. MERALTETERYIE SR ) . LN INEE
P TF 4l A 1A [A) P B 1Y 4 8 44 K AL (metal
nanoparticles, MNPs) . 4 J& % b ¥ 48 >K i ki
(metal oxide nanoparticles, MONPs) . [l £ &
(hemin) . PB. AEW)0+55H WIS R BT 4 &
eI Z TCEARM BH@MOFs S5 F1EL .

B LA AN

&= ok

T RE

(i

Fig. 3 Different strategies for adding active species to
MOF [13]
E3 EMOFHMNE Y FNEARE RS )

1.3.1 MOF-4J@ 48K Bk 2 A4kl

MNPs [ 7] Dy g Ak F1 671 28 i BRI It 119 16
PEs, R AR Z AL, St R YKk
BRI AR, I R — RS A AR
AT, W ISR A 4. . AR

% (AuNPs, AgNPs. PANPsHIPtNPs) 4. 1k Jyfi
A3 SRR MOFs,  Hpl 4 i LI 2546 m] Ry
FEPE/NE MNPs 0L A 125 0F, I HLRERZFR Hil 44
KRR & AR RAEVEA, XA B T4 % MOF-MNPs
BAMARI TR, v R a2

fi4n, Zhang HFFEHABA *> ZERMIRIE Ze-MOF 44
KIORE 5B P, A S A SR A A5 44
KWF- 4 PCN-224-Pt. Hirfr, 1% PCN-224 7] LA 11
PINPs [ 23R 45, (45 8 1M i POINPs A R 4719 28
i EAC NG PE AR e P AR £ eSS K
A IR A7 1Y HL0, 4 #7242 O,, PCN-224-Ptifk
MAESCIR IR IE T O, JE B EAT 40 I B 14 1 FRER S
A0, Wei BRUEIZH 54 BTyt ELAT o A5 i Ak 1
B % Btk 99 oK B (integrated nanozymes,
INAzyme) , J7 ¥ 2% B A5 J5 8 A 1k P 157 1k il
(SOD) THPERIA HLEAA TCPP-Mn FlI2 it S8 4L A s
(CAT) %) PINPs 5 A FH 85 S5 Fl AN Bl 1
W M PCN-222 h , JF & T —FhBE S T R
I B PR A A S AL R 9K B (Pt@PCN222-
Mn) . 1% MOF 2544 ¥ S 5 40 K g A e [) s LA B
SR R s SR, NASORT DA S B e 2 3 [)
b, A RT3 S P AL AR . i RS A
PISES, 25 SRR X R BN RV BRI A
AE ST . A AN E MOF Bk 9 K i 2R G 4
PET Ry ik, R B T AR NRUAR N IR T
JIENE NI (AT 55T =

Deng % 5% SR FH— 25 K Sk il 4 T 3 R AL
I MOFs 5 M B (Pt@Ui0-66/67/68) . 2515
VRN ERAAR ) UiO-66 22 B fi I Y B AR 35 1k
A HIT PR ORI 7 28 . Li 55 B 8795 T PtNPs
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(AR B R ST RN, TE LAY HE /N PENPs 1] #5355 4
I PR 1 78 UiO-66-NH, #EZ2 P . #4 # /) Pt NP@
UiO-66-NH, & &5 4k 3= B0 25 AL ik 480 Ak W 1 1 1%
P, B4 T UiO-66-NH, (47 ¥ f ik 2 1L 454 |
T M R A7 PINPs I DI RE SRR . (T He® 5 PINPs
Z IR A BAE R, R R 0T T He e
PEMAE . Yang 55 7 il aH IR AR 1L, K PINPs
B % fF & H BBk 1Y Co (1) MOFs, 4R )5 7F
Co (I1) MOFs@PtNPs [ 7 2% 17 L W B A PtNPs,
il #& T —Fh 2h ik 4k Pt 44 K KL+ A9 £ £ Co-MOFs
(PINPs@Co (1) MOFs@PtNPs) . 1% 25 4 K & & #t
REBREA S 1,0, 584k, [A] I ol 38 S AL iR SRR
MR FHH, MM SERA 25 5O . X gk
T AR T O s, HAR S Hrie JiRes
“h TB I PR A B A 22 19 1 F

WFGE A, 3 9 v v M 70l B S i — 4k 1)
MOF-4 J& 40K Uk G AR EL A TR S i At Ak 1k
fig . Chen 55" | HI X Jr ik, ¥ & 8 97 sl
Cu,(COO), J5e i . Tt umial 771 2R £ I i ns Joe T A1
&K TCPP (Fe) #4788 ¥ Cu-TCPP (Fe) 4K K . il
AR, 54K PINPs ZEI2 48K R (1)
FTh B W PINPs / Cu-TCPP (Fe) 21k 44k Fr, &
M1Z B BRI ZUS , HE PtNPs . Cu-TCPP(Fe) 4k
DA ) BR G ) B T R i 2 A AL
TEE .

Shen 25 ) ¥ 31 T Ce-MOF FIHKHfi Zn>* 1 i 4
¥ (DNAzyme) % Bh [T f) B AL 27 AR AL B
Hidr AuNPs #&4fii Ce-MOF #4J )] AuNPs / Ce-MOF,
AT LTS B K AR LIRS 2 (—SH) £k
i) & Jc DNA 54t 2 (HP2), ¥ HP2/AuNPs/Ce-
MOFs {5 S84, 1 HLas o] LA A 1 A6 0 58 i iR
(ascorbic acid, AA) SAALHIMEILF, MIEKIZH .
I TR A T ok BT T

24 MINPs -5 214 5 (14 A4S A ol P S [
LR PR AW, MNPs-MOFs & & AR T LL5E i
WD F R BGRB8 BT BB Ak 71 S B0
H b4 B PREEAS I . Huang %5 ' 76 T0T75 U IATAn] K
SREFRIE LT, B /NI AuNPs JE 07 A K F K
Pk B Cu-TCPP (M) [M=Co. Fel4ikF,
—F1 35 %Y B AuNPs / Cu-TCPP (M) Z= 1k 44 K 41 K} .
WATRHINAE 4k 4 )8 bk MOFs (121 S AL M
P F1 AuNPs 119 1 %5 B 2 fL B (glucose oxidase,
GOx) M, AT FH T R I b s I A I 2 W 25 A
Yo+

MNPs 5 — 4k MOF 1% 4 ml 48 A = & A9 3 14
A7 s RS R B AL 2 PR AR, s oA Al
H A% 22 8] B H T 5% %% . Chen 45 1 L) Ni-MOF H Ji
BE, R —ERerA 4 T Ni-MOF/Ni/NiO 40k &
GAPRL, FFTEBRIEGORIE A M REE Y LA T 67 28
Au ORI, T R — P B A 0 H A2 AR SR
Au-Ni ZK 5 G RREX i 2 4 A A0 B TG Ha A
ARTE PRI g 1) TR s R 2 B RO AR08
(1) =2 MOF PRI [ 55 Au NPs {if P 0 (1A B
EHT, Yan 2§ 'V Sl BOR B 7 ik, EIRAT
R Ni(IDMOF 440K i (NMOF-Ni) 18 A%y
1 nm [HE/N Au K ks, il 45 5 Au-1@NMOF-Ni
AR AR R B 19 KA S N 2%
I S A RE A R AP R e R, IR
fen PERE 22 AR AL TR B BT 13 A%

AR TR AT X b A A R A K 3
M), ACPRGEIZE S ad ARE RI , RBEHRAN
[FJE S MOFs [/ LR TG, S0 BIAE — ZEFn — 445
P ZIF-67 #1 8} E LT AgNPs, 451 T 3 FhIESR
(%) Ag/ZIF-67/GCE. T 4k H-ZIF-67 {H M 2% k&) F1l
SYE Ag KRG B AL, T Y Ag/H-ZIF-67/
GCE b HAh PO A1 57 5 e 22 90 g 1) L AL 1 R
o FH S I W I HepG2 JFF i 40 i B ik 1 H,0,, 4
BRI AR AL TPl i

AuNPs 1 AgNPs i 1] & B 10 25 (19 3% T 4 i
i 2 #L B (surface-enhanced Raman scattering,
SERS) itk . Sun &5 i FH A il 45 it —
Fh Al VE A B2 (folic acid, FA) K SERS Y
AgNPs/ MIL-101 (Cr) 244k BL, B45G T Mm% E
AgNPs [ A Z 7 B #1k FIT MOFs 9 R4 B BE
W5 FA A 355 i 4 v e HAth AgNPs A4 47 2 R0k X
W, HE G I AgNPs KRS T FAMFI (55,
i 15 9% 2% A A BE R Ry R 47 19 8 R B SERS JE K
Jiang 25 1 5@ :F MIL-101(Fe) (R T A, %
T — b BRAR (1% 2 1T B4 5 SERS JEEY) (AgNPs / MIL-
101(Fe)), PH A 09280 SRS, ABTS
RIWT{E R SERSARic, A E R Bk DA R . T
2 H 1) SERS {4 Z 7 A2 1A WSl 7y il HA AR K
IS IR, GRS A ek Ay s 240 B ) 8 1) 9
AL TR A T REM: . Wei FAIBA 1) 3 1 JEAV 8 B
7, AE MIL-101 A3 AuNPs i 5 #5251 41
AW S PE ) AUNPs@MIL-101 24Kl , LU h
ISR FLE AL (MG) 2155 SERSJEY .
AUNPs@MIL-101 #F — & 9 S fL B (oxidases) 1&
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i, JERL SERS M ARALTEPE AT BEL KR, SEBL
XoF 178 FRUMRG 41 2 A e K A58 0 245 00 A9 7 A8 TAl . X AT
RAUE/R T AuNPs () ZTjagiz 1, T HALTEE
Py A Ak N R A — R i SR S R A B4 K
AR (Kl4a) .
1.3.2  MOF-%J& AL a KR imon 2 4 4k

Vi e BAR MR I Fe, O, WA EG K ik, H &
[ A R SR o ST O Tl g 3 M e, A R R
Y | BN YR RN pH A — R BY i 52 7%
‘B il it MOFs [ R w4, nJ LLikE % MONPs [ 2
IR v, DA s e E & B A
Bl #E %%  (magnetic metal-organic framework,
MMOFs) . Fu & "7 X 7K #4521 pH B #4794 15,
il & T 3 FR 6] 2544 i M Fe,O, NPs, HLFE 40K
W . GERAEFAGOR SN R BRI
KEEHIBENE A AR B A2 e A ] A Bt 2ead Ak
BTG TR, BT AR 5 PR A 25 40 K > 90 K e >
YK 4 NI I .

Tang %5 '8/ F1 Zhao %5 '’ & B4 — F i MOF i
e B REVE 2 FLA B (Fe,0/MIL-101 (Fe) ), it
RN [ AR, R E IR D e Ak R
1 Fe,0, NPs [ &£ 75 MIL-101(Fe ) (941 . 75 H,0,
MAELE T, Jos &AM I FoAth 4k 7, Fe,0,/
MIL-101(Fe) BVl AL oK, R I R Y
PEALRE . A e A ) 5 FH T 7 590 %) L0, AL
MIE AR & Lai %5 7 LIREES™ (Fe,0,) N
¥ols, ¥2) & ifi AuNPs, Jf L MIL-100 (Fe) %Y
MOF M52, 3 —Fh 2 DIfE SERS IR 1)
Fe,0,-Au@MIL-100 (Fe) Z¢ {40 K 4 L . & 4 PRk
Iy ESERE T Fe, O, 1% 0 . BT FEF M)A Au
YRR ) J2 DL R AR 2R 4 F S 23 58 1) MOF 52
BT, IRE] T HEE I BIROCR . MaSE Y ]
HIMIL-100 (Fe) ) i [5G 41, R FHV 300 FA R0
AuFh TS A K ARG R B 415655 7 il 4 2
4 SERS i PEREPE-MOF 4 kA 4k . I, H,0,
XiF JEAYE TMB (144 4k 420 £k 7T 38 35 SERS 4 A Wil A
M2 HO, Yk i .

MMOF 5 H M 2 17 =2 [ 119 22 i A7 X LA K45
T i A T HOR S5 45k — (), AN 7 fif
TR A AL EE (MoS,) 40K Fr i€ MMOFs
JE 1 MoS, 44 K F 11 2 MMOF (Fe,0,@ZIF-8) fit) 4%
¥y, PR AEDIRE, R b YK A
DIRG9 KAE (AuUNF) . 3L T =BG IR 22tk 40
KA ML (AuNFs / MMOF-MoS,) 1 HL k2% 4

YA IS B 2 0 F AR S e, AT S s
TG AR A S, T2 i
W% .

Cui &5 ) )3 $E NU-1000 M 2544, F i 7] 34
DURRE g — it 2 B A S fE D A7) (V-NU-
1000) . NU-1000 1F Ky —Ff B [5]  £L B 2 15 1 Zr-
MOF, H hiRZE M Rt fdae bk, [lifs 5k
LA ) HA T R R B AL R .
MOFs B 545 K6 RE RS AR 7 M 355 A= ) 43 TR
PRRZERNT, E ST Z R AR EAE &
FORMWE T, o a7 2 Tl Ao fR- H AR e
fEROF-f . i, TandE 7 Fg5EE T HA PrRME BT
N A4 @ (Fe,O,. AuNPs) fifi i i) -4k Cu-MOF
44>k Fr Cu(HBTC)-1/ Fe,0,-AuNPs. 5 ¥4 J& =4k,
YK aligik sk MNPs #H L, 122590k A 7E 4
AL R R SR 7 TR Pk, iR 1
DNA fFFEAE . W& 8 i aliedt— e T
ssDNA 3£ 117, ssDNA B G 25 Ak R a] R 1% 7
TR R AR YE (1 4b) . & R9E R
1o - ME ARG T B FE fnf 1) DNA W 31— 2 MOF 44
KA b, e AR AR 2 TRl A AR
. 7 2, MOFs 5 #f POk b B 25 5 T8
MMOFs, BEf#8 T MOFs MBI ZE M 516, X
O T REVESURI A B DL, KKHHE T MMOFs
OJASEF(ENSE
1.3.3 MOF-IfiZL R E Gk

PEARSCHF ST IRAE, —Fh AT AW DIRE M & 2k
NN A ML (hemin), DAL SR04k
YIEREE, O ZHTARKNSFNE, HE
FEARPEA B B AR AT M SRR S ) SR Ay
i S8 A A R, BEAS M AT 2 B Tk
TR AR 72700 Ry A s B A RV A 3 = i 45
AT, AR AIE AR EHE I 2138 L
il £ BB LI 2T 2 2 &4 . MOFs R LB 4544 ¥
R AR AR, Wl AR e F o il AL )
AR FIEE R, T LA MOFs 5 hemin JE i 19 &4 41
BEAAUAT LARS F hemin () H S 0E, 60T IS
BRI SRS P FIRR R T

Luo %5 ™'} hemin f %& 7 HKUST-1 (7% 4
MOF # £L) i, H i Difig fb MOFs AR FE T
hemin AL SFAEAL TGP, 10 FLZE P25 T R AR AL
1 EALIE, 1% hemin@HKUST-1 2 &4 2 H T
H,O, M AP R . (H T HKUST-1 75 7£ = i =
JE AR RN, 80T 55 T8O A M RO S5 IR
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F hemin 75 PERRAG, DRI Li 45 700 36 7K k@ 2 1k
5ER 114 T A K IS R T B 2R 61 B (zeolitic imidazolate
framework-8, ZIF-8) 1ER#{A&, i hemin 2T
5 ZIF-8 3 F Z Ml AL 5 E T, SR — 8 e bz
il # hemin/ ZIF-8 52 544 #}, hemin A% X5 5] 73 A1
£ ZIF-8 54, ZIF-8 43 i A Ay ) T 5 a4
s . MCEETEKIE IR o B R oA

SIKFEIF, Cheng %5 7 L BEFE i 22 i FL-AFH
o AYIAR S AN S, i R A ZIF-8 /E Ak 4
MOFs A&, Hd A gl 28 > e fbinl (9
FHEAL ) hemin AR IR GOx ), FULKA EE IR [
fEAL T S L) INAzyme, HAEAL TG PE B E L5 T
600% LA |-, BB BT S AR PR 8 2 40 1) S5 i R )
A2 5007 A0E &Sk T/, BVET—Fh SO
(=N Je— i R L R

Zhang 5 7 il i & Wi A& 42 #E ¥ hemin 43
FUIE AL -4t , Fit— il s ieoE i
hemin-Au@MOFs & & # L (1K 4c) . i#id AuNPs
A R AR YR I 21 25 A Ak Y B €20 S DX P AR R A
ST, BARGEMEMIERE (bR S e
fifg i M) B9 A bRk AT R I i v e B ORG AE E
(AFP) 7K. 9K 1 21 2 @MOFs ] i A F
il TB (1 9.0 B Ak 27 18 (A% SR A5 v . Xie 55 17
S hemin 248 35 Z LAY Fe-MIL-88 1, F-4L4
A Au-N 1) AuNPs 21 3 78 hemin@MOF K i1 I,
DI 5 hemin@MOF [ §3% . HAefs —4
S 7 7 M SR AL B GO RITEE IfiL /i 25 45 38 148 TBA L
AuNPs &1 J5 #Y hemin@MOF A AT LIAE S —4~ B
M EY g, walfEhEb-id w0 i
FEARAEETR] . hemin@MO & G BB AFAE (i F54E
AT P RN T 2R e T v T M Y hemin 43F-,
5 GOx A I B I DA S TBA TH G, A LS B 4
ZPHEFIEE 0 B ARSI, R —FPEE S TR A
-8 A B A BT 5 3 RS R D BB ) Z T RE
SHPRE, KEITE A 0.0001~30 nmol/L, # HiBR
0.068 pmol/L.

WA —Fh sk Z PP CRIR 1T A A A G-Y
HEMR/M 4T (GQH)DNAzyme ) 15 b4 Ui AL 5] —
] 171 28 21 i A 2 AL 24 AL oK A BB MOF |, mltmT
AT 2 BT TR R AR AR Y R AR IR
2 I T AR AR A AR AN 2 1)
RE 4 L AR R WS o3 2H B 1) e O TR 4 AR A% s
HAGERIRET S5 G 1 4 S M U P 20 B % 1 25 F0
I AL AR DA G A HLO, B AL X R — iy (HQ) fiy

F RO KA 5 H PCN-224-Pt 44 K B fiE 4k 5], GQH
FTHRP. 3T DL B, WAl 40 M AR Jas R i
YRS TR AL T —Fh EEL A2 Wi R . MOFs 5 &
L, (75 T2 3 e A AL SR 7 O LA 2
I 1(cTnl) MG AR PR R TR HERE . 3
T3 FHET SO R 1 MMOFs 7B R K ik 0 43dE
BRI RE AL B X4 R 9N K 254 (Au@PtNPs) %)
EMiFE Fe,0,@Ui0-66 I, JEli—Fh B A it ik
AN IS MO 4 JE 90 oK 45 Fe,0,@Ui0-66/
Au@PtNPs, A A 2255 ORI 9K IR AR
7% GQH DNAzyme. HRP F1 % Fh 0 i) ¢Tnl £
Bo A1 . 1% 22 ThRE 2 L 9N K HR A AT LA 3 e 3 i A
5 Tl BEFI145 6
1.3.4 HABMOFsIE A1k

PB {4 BOR S — R B A Sk AL BT 1 Y
RAEMBEY, (AW EEH T G a8 1k
f#, HFEZEFEREAWESE S 2 PBAG R
S BT T3, 1T H PB ZE KA 4 T H,0,7F
PR Sy e A = A BRI IR E PR 22 .
A BRAEmIR B an S e A MOFs W, I
IR EN AN T KA RS . Cu %Y
MIL-101(Fe) (4 J@EBAAEIHE PB, il % 2] /\Ifl
PS8 1) i 40 K Z2 FL A1 BE PB/ MIL-101 (Fe). 1%+
AN T REMS 4 2 A WA B E 0 T I T B AR R e
PR, KW % 47 25 ] i MIL-101 (Fe) A Bl T
PB finBiz 5 A AR AL 5 S =22 8] Y T3
¥, JEMIH T 0,0 el e . AR =
B N HE U 3SR B B L PBNPs (14 [R] s 4.4
A FLFR A AL ff, PBNPs i il o i F 1S AuNPs
R A B L, P A Au@PB NPs {#75 HRP J§
G T IEBCAR , T IR ) FE Ak A 3 A SR AR
(Au@PB-HRP aptasensor) HE X 25 120 47 1] 58
{18 R SO AGE I . i 3k < S TN A8 s LA K PB 3R THT HA e
EAE , RERS T A PB AR SR A7 76 1) —SE B s, 12
PB 75 245 ) i 2 A 12 W mT R .

it A2 P 2 1 BAA  AEAER), HAb 2 E BARAS
Fase . B, MBS R EUARR MOFs 454 REFEH h
B R AR . Yin 25 ™ LA sl H
(bovine hemoglobin, BHb) F1 ZIF-8 /F Ry )z [
A8, TEAK N ZIF-8 W in A BHb, F|H] BHb
A S ZIF-8 Bk S AR, B T
R (R FREVEMER) S8R, 58— EA
e B ALY RS P Y 2T 5 -4 B A MLHEZR 21k
Z4&Y (HMOF), S5ifE BHbALL, ZatE &
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MR A TG R 5 T 423%, A B Ak iy &
H AL BT BA T RE RS 2B A T B Ak
R

B R IRAE MOFs, Al DU ik e T B4 A
A P 1 5 1 22 Tl B AR R S 4 Liu A BT
$ GOx MR BB (uricase) 4351 [ & 76 A 28 1k
A AL W) I TS PRI LB R AT R 1Y 43 S 2 LA
MOFs. JIrJE 1% 1) W5 Ff EE €2 4% 8% 2% GOx@HP-PCN-
224(Fe) fll Uricase@HP-PCN-224(Fe), REMSHEHAS
I 4 % 4 A1 JR 82 (uric acid) , " HP-PCN-
224(Fe) AW AT LIy [ ALl i 36 0T, i8] LIAE
H—F ARG, TS5 RIREEENR 2 Sk g
RN 5 Wang 55 % WE 3 HEUTVE T, B NiPd %8
SO K FORE FN GO [R] I [ 5 7E ZIF-8 |, JE Y
GOx@ZIF-8 (NiPd) 9K AE AU A S Bl il S Ak )
it % 1 1 NiPd 25 O A KR, T HAREE T GOx 1Y
P 1 . 2B RO R A -3 i R oy HLAT R LA A
W, AT TR 8 L % BOR Fe Ak 2 A A B A= )
k.

XFF 4k MOFsifii 5, Hog sy iy e fifb i
R TR SRy A S A s 7 (RS DL A, T sy 81 52 £k
fiti i) °F- 5 . Ling 5 ™ ¥4 42 J& 17 51 Co 1% 45 7] Fe
TCPP 14 {1 — i J5 el i S Ak Wy 1 3% M 1) — 4k
MOFs(Co/Fe-MOF), ‘Efigf 724 GOx [& & fL i 2
&, DL — 20l g5 B T 98 BK B sy 3T SR
Lk 2 R B AL JELA 2E i NO Y GOx@Co-FeMOF %
G ERERY, L far PR B RS R 0 4k IR
MOFs, £ F| T8 T8 5 i T Wobe i
7. Liang 55 ' 38 13 Ni-O Fll Co-O #4 4> Jg Hr 0 il
A HLBC AR % B A R 4E MOF 44 Kk v
(ultrathin metal-organic framework nanosheets,
UMOFNs) , % H 4 % F Ag,PONPs 1] LI 15 %
Ag,PO,@UMOFNs 5 BRI GAALF] . i FEAN 120
MIPMFEIVER, PrRAs AL R TE PR I, RIAT L
WO m-m B . A% SCEE A 22 (] (% 55 A0 ELAE AL T
HLT RS . o0 T 47 —4E UMOFNs 19 S, iR
4k UMOFNSs &5 BHBHE R SR (14 L Ak 27 R H: A 451 35
15 3 N H, Wang %5 Y il £ T = 4k Cu-TCPP/
MWCNT & G, A5 320 T 2 RER 90K
(MWCNTSs) 7E i o 8 7 1 5 — 4 Cu-TCPP
gk BT AR A S Al —4E UMOFNs H L,
MWCNTs (145 | A ] 42 5 52 G vl J5 1) v, S 250 R 2R
B, JF HRIU B B s, ImA T
Iy . MU A S PR AR A HLO, Wk OB Y I

(K4d) .

Bl 25 B OSBRI ER AR SE , B IZAR
W E ALY (layered double hydroxides, LDH) il
JZRAEA D) (layered double oxides, LDO) 1 H
ANTHEGERT, E1EA R BT E T2 etk fl
MR, —Fh 02 ARG KR
5 MOFs MG, BRI R AT fb e re . fi
m, 7EEA WIMEFAMRRES T, Huds ™
K FH R AL AR K il 45 T ZIF-8/ Zn-Al % LDO,
LDO i K 1) ZIF-8 40 F i, HAJZ R 2L
GERY AR K R R R S R B RS
W B RE 1 AN A A A A 05 14 . 177 Khoobi 45 ) & 31
Zn-Al % LDH 7 53 B Bl b iR R4 ZIF SR A7
AR, HA YK SL Zn-Al LDH/ZIF-8 &2 & #1
BHESZERAESD (BUERIMEAEY) FIRE ST A
N FHHME.

1.4 MOFsHiTEY)

4 K6 Z2 BE T ) MOF's J2: 4% il 248 10 40 K i/ 52
BRI, BT AT AR AR ANKR AR,
WG R B A YRR Y . SRR
G5 . L MOFs AT AL (1) ZFL R RIS 20 1 22 i
TBIAAK T HiRMOFs B RAVER, i HAB
BRI TR AN A FNZS FA 8 Akt R i A R 1 2 15
ok TR

TEN,SHA T, Tan %6 4% Cu-MOF 1 R i 9K
PRI 22 400°C, BT il 48 LAY Cu NPs@C 49K 5 5
MBI 2 Akl v, i ELRE R AL
H,0, %8k TMB. 1T AA %t TMB 44 1 HI1E
AR TR AA Y HE {5 %S . Dong & 7
i 1 VAR K 4 SR AR UK BL T (CoNPs) d5f2%%
%] MOFs (NH,-MIL-88 (Fe) ) fif 4 Hy G Y (MC)
ok, A8 —Fh CoNPs / MC 44 K il . CoNPs &
MC iy RAForatE, KRR T CoNPs 1 A1 2,
SR R R B AL T AR E B TE A o . S e R R
TEAN T HFLAIALI MC, ¥4 F T 14 K& Co,
H4 T CoNPs / MC 40K 5 & MBI I& PEA & . TMB
B L0, AL S AR, ok S Ty BE A A5 7 M 57 5 5
TR FE AL T, i 5 EALIE B CoNPs E 9t B il
FEMC B RFLH, B 1k T 5 CoNPs #25 Stk—25
AL TS 2, CoNPs/ MC (14 BL U F& o Pk Rl s i
P75 25 T NH,-MIL-88 MOFs 1i7 4= fif £ CoNPs fi¥ 1/
F/ER (K 5a) . Li% “ DL ZIF-67 (RS2 44k A
MRS ERIR) S JEOR, e B A
JiE 25 E AL Y Co AN 3L 48 7% 1Y £ FL ik 2% b 1k
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T

Hemin Hemin-Au Hemin-Au@MOF
\,u 0 AN .
oot o Ao'ee %
a K 9.4 A SR LT
= @ ¥ A iy ————— iy ¥
bridpifk .

G

b taik

(b) o . /Ca
> ;’)QS_.J %U OXTNE?%m*fm)
1o i

*
o

(d)

TMB

oxTMB
(H5m A0
-
%‘..* (
Cu(HBTC)-1/Fe,0,-AuNPs nanosheets rssDNA

2D Cu-TCPP nanosheets /™ P

]
]
|
|

\ 74
A D

=t ™ e ™

.
& D &

MWCNTs !

K UNIP AR LA Ui

Fig. 4 Construction of nanozymes based on MOFs composites
El4 MOFsE &M RIS REEHIME T %
(a) TR S I 9 AUNPS@MIL-101@oxidases A7 & & (6515 (b) Cu(HBTC)-1/Fe;0,-AuNPs&K 3 it ssDNA YA Ak I 15 i fhad 72
HRERE 74 (o) HTHRCHIBE HPA (Ab) #Yhemin-Au@MOF f il £ 2 7 LA K A 96 FLAR I He (0 4G M AFP 17805 (d) —4ECu-

TCPP/MWCNTH A R A 412 DL H, 0, A LAk 22 A6 1)

(Co, N-HPC) . 250 4ii ) CoNPs, “FH WA
ZFN S B A B ARtk , ff Co. N-HPC BUH—Flisy
B AR IR A, RN T B HLO, A AE I DL
T, BT RO A SR AL TMB & A i i .
F GSH XHZ AR R A WP GIE A, %9 KA nT
P 3 FH PRI A R A P GSH L& . N
T &= MOFs AR Y FfiE AL BE, AR RS2 [R] AR
BB 753k ', % ) B MOFs  (MIL-68-NH,)
£ 500°C T Az 3 h LUE A cMIL-68. Jy T $& 5 44
LAY T M R AR TS, K cMIL-68 i il 2] MoS,
YK FRAE R BB HL . (MoS,/GCE), HeJafElt
Fehifh AT Pt NPs, il 48 7T 24 1) MOFs it AE 4
Yk (Pt/ cMIL-68 / MoS,) . XFh ol & & 1k
% P T 9 s A 00 98 P 290 e ek 245 400 ) 3 A 421 C

Wu 45 1000 FeCo-ZIF fE N T 9K/, 7E 800°C
RAP T — Pk 45 ) FeCo B4 B 15 24 itk
HAEME (FeCo@C) . FeCo@C HA TR & iy fa i
PERBSRABEME, UL RS LR A E )
WGk (COUBEASEEL TG ) T 3d 1o pH A 25 Th A

A BB TR E Y, sl fe T R =2 ] AL T
M523 HQ 1 H,0, B9 22 g A5 I . [/, MOFs
A= AOK B ) Z2 DI RE R FHAE L AR IR RIS 7
Broele B T AR AR, Rl SRR e R
FeCo #H 45 & 1 MOFs fii £ 4 (&l 5b) . % i
2] "V IR, FeCo NPs 3T ZIF-8 W, idid ik
— A RRALAL B, AT LA R — R BT L Y FeCo NPs/
LA TR (FeCo NPs@PNC) . 5 5l
i) FeCo NPs fll PNC #{t., FeCo NPs@PNC Y Lt
FeCo NPs #1 PNC Ji B i 51 o 1) 28 S Ak g v vk, o
HLf#PL T FeCo NPs 7875 S0 & S AL I k45 . #E G
H,0, 1%, FeCo NPs@PNC 1] LU {k TMB %
Ak B €6 1) oxTMB. 2R1M, AA BB T oxTMB i
B, IR AR e, JF H ALP fgfifk L-9t
RIMLAR 2-WE AR /K i AA. FEICIERE F, A TAe —
FhELAT R pAR s PR SR Y L (6 & ke A
I AA FTALP. %2858 G R RHIR T B 5t 19 K AR 1
FI 5t 4 JmIEAOKER, 117 H o MOFs &Y 624 57
Il RIS RN 2450 R T B4 1 PR T 8 8 11
BRIEIERESL, FFEF BT —Fhifil e
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BN, % SBAITERMHRBHARER -11-

MOF fii A= 0 J5 ik, B 2% )R 7 i e 15 44 B Fl R uk
PRSP 4 SR T 1 Ak TR B
Xiong 45 "1/ fi P YA B AT AR AR HKUST-1 (43
MOFs) , B I #4 # T w5 b 3 1 B 0% 6 4k 4 9ok
(PCuS) . H ki ERR SR Y S™ 45 A7 ASUF He™ H
B ITAE, A Y CuS Pk & 25 Bk A
Hg 1 BB, 280 A i i e Ak 5 P
K Hg* AAAE T AR RIE Rl — 4T L
HE— 25 A ARG He? 19 He /5 B F & . Yang 95 1
4 PB 40K 57 07 IRAE R 8k 5L MOF RijfA, 76 N,
5 NaH,PO,If7F7E F, LL450°C, 2 h IERR L I Ny
g 38 28 ok 46010 W T T 1 1Y) 22 FL FeP 40K ST 5
(K 5c) .

R T IR SR SRR N AT 5 Ak PR A

(2)

CoNPs
R . :TMB:HJO:Jf .
o g
‘& o : TMB + H,0,+ CoNPS/MC
3
9
@ 504
C02+ ..E
fv/g/”fz( =>§
@ @ "53470%%2 0.2 .-/\’
A
f@’ X % 0

500 550 600 650 700 750
Alnm

CoNPs/MC

AIRESEPEAE SR & B ARV E G AR, —4E MOFs
YK R H A AR AL R B BT IR BB AR . Zhai
S 108y gt — ol R AL T T S R 2 U 4 R WAk
Y- 9K B AR R (Co-P@NC-800) . & /& LU
Y IR IR MOF 44K Fr R i A AR Al , 3 3 flk £k
AL 8 41 1 CoP i1 Co,P 4 K i F 34151 43 B3 &L
B2t B EEAR T . Rong 25 1) 1) Cu,0 <7 7 14
S Cu VR, SRR PR H R I A
FH MOFs (Cu-BDC YK F) . bEZ, #ifb)E
Cu-BDCHPK -, B T 24K CuS@C. i FhxKLik
PIERYT, SR LRI AR YE | B E A A B rp
P11 ¢ BHL i) A oy 1 R P R e T A A T
(K5d) .

(b)
i
H

$24343 H,O
$242 4 2
TMB HE gy | TMB

Q 02" 20! \
pH 3.6 \ [t 4.4
I Time 6 min %ime. 3 min
\ oxTMB

oxTMB /
o) 1,0,
: FeCo@C
% : kR ey [ 2 R ¢

<53

£

Cu, 017tk Cu-BDCHDK Fr Fkcus@c

? ;v Oo

JZ2INCuS @S gt 1 1

Fig. 5 Construction of nanozymes based on MOF derivatives
El5 MOFsHTEMHMKEBIIME TT %
(a) CoNPs#%%FINH,-MIL-88(Fe)MOFsfii L A TERR (MC) RYZE R L MBHREG M 175 (b) FeCo@CHYMUEHE LI /3 25 Il LA K HQFI
H,O, Mgl 7 110); (o) BAZEEEWRERZALFePHRR I RAH At 72 10%T; (d) J2RARCuS@CHIR AL il #7n Zla] [1osT

2 REERE

Zi BRTIR, BT MOFs #AEH 9K B2 90K $L
ARGUSAF 07> 2 — ARk R ERiA T, FATTR
FOMEIHEAT T PR A, vé TR SR T
AL (8] B LA PG R e A A5 2 0 g £
MOF, i ik e v AN TR 42 Ja RO (67 s B 18 A i i

T A ) 75 35 T A R T BEAE MOF, %
PRYIRE CINgKBoR: . GRECEY . WS, )
REALSrF) #idbhe e MOFs IALas 1l b, Dh7EfiEfk
AR IR PR RO Y AR @MOFs, MOF fif A1)
BA il n 2Lt B, ma/| (A
W) RE SR HAL & SR E Y (Bland:
JEiieyy . elRAA AR (R1) .
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Table 1 Construction and analytical applications of MOF-based nanozymes

F1 MOFEYKEFHI IR FEBIH0 A& W53 47 Mz F

iafE et UYL L FF A R RF A =g
ik
J5 I4MOFs PCN-222 (Fe) Glucose, H,0, PCNZRF: g iLest, g, 1 [25]
CHHUERAR . B ML T 4EZn-TCPP (Fe) Heparin e [30]
foth. GEhiiik; 48 Ui0-66 (Ce) Hg* Ui0-66 % 41l [f]Ce MOFs 77 i i [y 4 kit [33]
Fr: FWLE. WA Fe-MIL-88A Thrombin JRAT i Ce/ Cet [39]
NN T ) Z4ENI-MOF 4K fr H,0, MIL %51 BAMAEE. st [40]
Cu-MOF ALP SOEETY [42]
PSMOF GSH THEMOFs AT AP BRI ERE . B [43]
Cu/ GMP MOF Epinephrine Tk MR, R [44]
. 1E1iMOFs MOF-235/8-CD H,0, A SR BN TR 25048 MOF (7 30 &% iy [45]
CHEASE AN YL A0 45 J& A2 &/ TMBDA-MIL-100 (Fe) H,0, A, (H&PEICMOF K 1 (1 IF i %, [46]
HAENEA: GREE  Cu>*-NMOFs Dopamine VLGN 2 R ISR A Ty, $m B AERR [47]
i) Glycine-MIL-53 (Fe) H,0, BA AT ke sE e [49]
MOFs}: 2 &k K Pt@PCN-222-Mn IBD disease 4@ (Au. Ag. PO %5, HAEAHE [54]
(S BmAkER; 4JR% PtNP@UIO-66-NH, Hg B MRS AL MOFREhs PRI H g  [56]
W fersE, Wt —4EPINPs/Cu-TCPP (Fe) H,0, AEEER, SRR [18]
B I ARl 4 AH-ZIF6T B0, 2]
BFED AuNPs@MIL-101 Lactate, Glucose [65]
AuNFs/ Fe,0,@ZIF-8 Cardiac cells Fe,O,MNPsiif j&5 4, 5 F#itEsn e, % [72]
Cu (HBTC) /Fe,0,-AuNPsgK /+ H,0, I 7 AL A [74]
GOx/hemin@ZIF-8 Glucose FIRMOFs I If2r 2%, ALl s ftge  [77]
AuNPs-hemin@MOF Glucose, Thrombin S, EEEE, prbmazask [79]
Fe,0,@Ui0-66/Au@PtNPs cTnl ey [81]
PB/ MIL-101 (Fe) H,0, BRI ROR AT, A lckk. [37]
BHb@ZIF-8 H,0, Fas AT [84]
HP-PCN-224 (Fe) Uric Acid, Glucose B2 EMBESE A T ARG [(87]

FIMEA TG AT A
Z 4t Cu-TCPP/MWCNT H,0, TR E LR IR, SRBERIEE W AE [91]
4k ZIF-8/ Zn-Al LDH Antibiotic g VA A5 [93]
MOFsfE 4 CuNPs@C AA MOFsfiiZE ZILaeh iy ATl g FI T 96]
CHEEAR: 2R 4540 Pt/ cMIL-68 H,0, BoARMEEESRER, w7k [99]
FeCo@C HQ, H,0, HEhE R S % R ARy [100]
FeCo NPs@PNC AA, ALP Tl By s 15D A 1D B B — o 7 484 g i 4k [101]
PCuS Hg?* PEfE [102]
FeP 4K 3777 1k H,0, [103]
T HECuS@C K Hydrogen evolution reaction [105]

JRAE MOF's LR i A AT 58 U T ) S 3
{5 SRR apEEisN L fail O N L o R 3
AR FIEREVEZE R JRIBR T, ECHATY SR T 45 AR 22k
. PR REZNOR Il 1) R A 7 255 B B TR MR D e A
O F HYEPROR R RS P T A M LS BRAS E T )

L. X MOFs A (B BERIAL 2 PE AT TR AIRTE
A BE S 4R FH MOFs KA S W A BE AT R
TR PEGORARE, AT LR THOR A B
JOL 3 S RE ¥R LN IV L, AR R — S S

[ L



XXXX; XX (XXO)

RN, F: EEBAVIERMNKEHFARHR

13-

a. = YESEHI ) MOF JEG AR, AR LE BR il
TR LS AL, FEAREIE MOF, K%
PERGEVEAR, Bt — B e 7E e Wiy Y
M. EER 4 MOF 402K 7wl FIAE A= W0 vk
DA =5 MOF 4K il ) At fb A A= iR il v, (EL&h
B UBIEE R LAEA TR 9 A 2 Wi i AR B Pk
5%

b. Z2 il M [ 5 A EL 340 3T AR A F 4T A A 5 4R
A, BRAERFEMEILIE MR RORER . KR 4R
20 KSR T LA 2 R AT A SRR 0 1Y) 22 T e AR AL
L DORRED N T RGP BORRY,  fe R Mg
FEAE S 7 FOHEAR R, (B — 2 MOFs & 5 1Y Bt
B AR ST LA B AR A o5 1) F R 2 )
L AR 2T

c. BAR O B4 IR I MOFs B KRG 1, A5
A4)E (IW4AJE) 19 MOFs T Ag 30 L AL L 2k
B . PRI, e dnl i o PR R G 4 JE AL AR
Ffpl, DAMUCASTESRAEAE | SOWZsH . A ALTG P 4 )
W, AR RS IA R

d. BB 98 K 4 BB A MOF 8 MOF- i &2 &
Yrep, W UEANT G R RS R, R
MOF-Hif 52 & W R PERE , A R TR 9 5
WA, SR H ATxEAA 72454 MMOF BBF5E
ATBSRARA , REPEGN KA BN A] #E MOFs fib A I AT 4%
ARAE— BRI

e. MOFs fif AL W S5 F9 4 F T4 @ T4 K il
TEALTE VE RO 9, 4 00 2 30 o 45 1 AN [ 4B e 45 1
(TSR . SARIREE . REESE) LIS 2L TE T
SR RERA N . Aot BAe s v R AR (A
TR TT ]

f. Y2 TR 222495 MOF's 40 K B ) b 437 A
Ji, AE s HARATE P R e R i BAARPLERRL S, dF—
ARG R MR REA A TSI 5E , ¥ v LS A 40
L 25 - S A A 440 i R 30 B R 114 o FH TS
A Re R EIE B AR R RS 25 K40

JUAE MOF JE40 K i 1 B 5% H RiTE A7 A1 £ N
Me, BEE TR, ARSI S LR A AR
Wk —E LI TE, R MOF L0 K il 75 4= Wy %

S ARG AN 24 1 0 1 A AR B R SR AL
B
£ % X M

[1]  HuangYY,RenlJS, QuX G. Nanozymes: classification, catalytic

mechanisms, activity regulation, and applications. Chemical

(2]

[3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Reviews,2019,119(6): 4357-4412
Wei H, Wang E K. Nanomaterials with enzyme-like characteristics
(nanozymes): Chemical

Society Reviews, 2013, 42(14): 6060-6093

next-generation artificial enzymes.

Liang M M, Yan X Y. Nanozymes: from new concepts,
mechanisms, and standards to applications. Accounts of Chemical
Research,2019,52(8):2190-2200

Jiang D W, NiD L, Rosenkrans Z T, et al. Nanozyme: new horizons
for responsive biomedical applications.
Reviews,2019,48(14):3683-3704

Jiao L, Yan HY, Wu Y, ef al. When nanozymes meet single-atom

Chemical Society

catalysis. Angewandte Chemie-International Edition, 2020, 59(7):
2565-2576

Wu JJ X, Wang X 'Y, Wang Q, et al. Nanomaterials with enzyme-
like characteristics (nanozymes):
enzymes (II). Chemical Society Reviews, 2019, 48(4): 1004-1076
Li B, Wen HM, Cui Y J, et al. Emerging multifunctional metal-

next-generation artificial

organic framework materials. Advanced Materials, 2016, 28(40):
8819-8860

Ma X J, Chai Y T, Li P, et al. Metal-organic framework films and
their potential applications in environmental pollution control.
Accounts of Chemical Research,2019,52(5): 1461-1470

Li B, Wen H M, Zhou W, et al. Porous metal-organic frameworks
for gas storage and separation: what, how, and why?. Journal of
Physical Chemistry Letters, 2014, 5(20): 3468-3479

Lai XY, Wang Z Y, Zheng Y T, et al. Nanoscale metal organic
frameworks for drug delivery. Progress in Chemistry, 2019, 31(6):
783-790

Zhao Y Q, Li Y X, Pang H, et al. Controlled synthesis of metal-
organic frameworks coated with noble metal nanoparticles and
conducting polymer for enhanced catalysis. Journal of Colloid and
Interface Science, 2019,537:262-268

Liang S, Wu X L, Xiong J, et al. Metal-organic frameworks as
novel matrices for efficient enzyme immobilization: an update
review. Coordination Chemistry Reviews, 2020,406: 213149

Jiao L, Wang Y, Jiang H L, et al. Metal-organic frameworks as
platforms for catalytic applications. Advanced Materials, 2018,
30(37): 1703663

Rogge S M J, Bavykina A, Hajek J, et al. Metal-organic and
covalent organic frameworks as single-site catalysts. Chemical
Society Reviews,2017,46(11):3134-3184

Nath I, Chakraborty J, Verpoort F. Metal organic frameworks
mimicking natural enzymes: a structural and functional analogy.
Chemical Society Reviews, 2016,45(15):4127-4170

Li S Q, Liu X D, Chai H X, et al. Recent advances in the
construction and analytical applications of metal-organic
frameworks-based nanozymes. Trac-Trends Anal Chem, 2018,
105:391-403

Li W, Bin C, Zhang H X, et al. BSA-stabilized Pt nanozyme for
peroxidase mimetics and its application on colorimetric detection
2015,

of mercury(Il) ions. Biosensors & Bioelectronics,

66:251-258



«14-

EMUFESEYWIRHR

Prog. Biochem. Biophys.

XXXX; XX (XXO

[18]

[19]

[20]

(21]

(22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

Chen H'Y, Qiu Q M, Sharif S, et al. Solution-phase synthesis of
platinum nanoparticle-decorated metal-organic framework hybrid
nanomaterials as biomimetic nanoenzymes for biosensing
applications. Acs Applied Materials & Interfaces, 2018, 10(28):
24108-24115

LiuJ Y, Yu H J, Wang L, ef al. Two-dimensional metal-organic
frameworks nanosheets: synthesis strategies and applications.
Inorganica ChimicaActa, 2018, 483: 550-564

QiuQM, Chen HY, YouZ H, et al. Shear exfoliated metal-organic
framework nanosheet-enabled flexible sensor for real-time
monitoring of superoxide anion. Acs Applied Materials &
Interfaces, 2020, 12(5): 5429-5436

Zhang Y, Yan B. A point-of-care diagnostics logic detector based
on glucose oxidase immobilized lanthanide functionalized metal-
organic frameworks. Nanoscale, 2019, 11(47): 22946-22953

Liang Z B, Qu C, Guo W H, et al. Pristine metal-organic
frameworks and their composites for energy storage and
conversion. Advanced Materials, 2018,30(37): 1702891

Xiang W L, Zhang Y P, Lin H F, et al. Nanoparticle/metal-organic
framework composites for catalytic applications: current status
and perspective. Molecules, 2017,22(12):2103

FengDW,GuZY, LiJR, et al. Zirconium-metalloporphyrin PCN-
222: mesoporous metal-organic frameworks with ultrahigh
stability as biomimetic Chemie-
International Edition, 2012,51(41): 10307-10310

Yu G X, Song X, Zheng S J, et al. A facile and sensitive

tetrabromobisphenol-A sensor based on biomimetic catalysis of a

catalysts. Angewandte

metal-organic framework: PCN-222(Fe). Analytical Methods,
2018,10(35):4275-4281

Aghayan M, Mahmoudi A, Nazari K, et al. Fe(IIT) porphyrin metal-
organic framework as an artificial enzyme mimics and its
application in biosensing of glucose and H,O,. Journal of Porous
Materials, 2019, 26(5): 1507-1521

Zhao W W, Peng J L, Wang W K, et al. Ultrathin two-dimensional
metal-organic framework nanosheets for functional electronic
devices. Coordination Chemistry Reviews, 2018,377:44-63

Zhao M T, Wang Y X, Ma Q L, et al. Ultrathin 2D metal-organic
framework nanosheets. Advanced Materials, 2015, 27(45): 7372-
7378

Qin L, Wang X Y, Liu Y F, et al. 2D-metal-organic-framework-
nanozyme sensor arrays for probing phosphates and their
enzymatic hydrolysis. Analytical Chemistry, 2018, 90(16): 9983-
9989

Cheng HJ, LiuY F,HuY H, et al. Monitoring of heparin activity in
live rats using metal-organic framework nanosheets as peroxidase
mimics. Analytical Chemistry,2017,89(21): 11552-11559

Wang X Y, Jiang X Q, Wei H. Phosphate-responsive 2D-metal-
organic-framework-nanozymes for colorimetric detection of
alkaline phosphatase. Journal of Materials Chemistry B, 2020,
8(31):6905-6911

Dalapati R, Sakthivel B, Ghosalya M K, et al. A cerium-based

metal-organic framework having inherent oxidase-like activity

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

applicable for colorimetric sensing of biothiols and aerobic
oxidation of thiols. Crystengcomm, 2017, 19(39): 5915-5925
Zhang Y J, Zeng X L, Jiang X F, et al. Ce-based UiO-66 metal-
organic frameworks as a new redox catalyst for atomic
spectrometric determination of Se(VI) and colorimetric sensing of
Hg (II). Microchemical Journal, 2019, 149: 103967

LulY, Xiong Y H, Liao C J, et al. Colorimetric detection of uric
acid in human urine and serum based on peroxidase mimetic
activity of MIL-53(Fe). Analytical Methods, 2015, 7(23): 9894-
9899

Zhang ] W, Zhang H T, Du Z Y, et al. Water-stable metal-organic
frameworks with intrinsic peroxidase-like catalytic activity as a
colorimetric biosensing platform. Chemical Communications,
2014,50(9): 1092-1094

Dong W F, Chen G, Hu X, et al. Molybdenum disulfides
nanoflowers anchoring iron-based metal organic framework: a
synergetic catalyst with superior peroxidase-mimicking activity
for biosensing. Sensors and Actuators B-Chemical, 2020,
305: 127530

Cui F J, Deng Q F, Sun L. Prussian blue modified metal-organic
framework MIL-101(Fe) with intrinsic peroxidase-like catalytic
activity as a colorimetric biosensing platform. Rsc Advances,
2015,5(119):98215-98221

Zhang Y M, Song J, Pan Q L, et al. An Au@NH,-MIL-125(Ti)-
based multifunctional platform for colorimetric detections of
biomolecules and Hg?*. Journal of Materials Chemistry B, 2020,
8(1):114-124

Wang Y, Zhu Y J, Binyam A, et al. Discovering the enzyme
mimetic activity of metal-organic framework (MOF) for label-free
and colorimetric sensing of biomolecules. Biosensors &
Bioelectronics, 2016, 86: 432-438

ChenlJY, ShuY, LiHL, et al. Nickel metal-organic framework 2D
nanosheets with enhanced peroxidase nanozyme activity for
colorimetric detection of H,0,. Talanta, 2018, 189:254-261

Shi MY, Xu M, Gu Z Y. Copper-based two-dimensional metal-
organic framework nanosheets as horseradish peroxidase mimics
for glucose fluorescence sensing. Analytica Chimica Acta, 2019,
1079:164-170

Wang C H, Gao J, Cao Y L, et al. Colorimetric logic gate for
alkaline phosphatase based on copper (II) -based metal-organic
frameworks with peroxidase-like activity. Analytica Chimica
Acta, 2018,1004: 74-81

Liu Y F, Zhou M, Cao W, et al. Light-responsive metal-organic
framework as an oxidase mimic for cellular glutathione detection.
Analytical Chemistry, 2019,91(13): 8170-8175

Liang H, Lin F F, Zhang Z J, et al. Multicopper laccase mimicking
nanozymes with nucleotides as ligands. Acs Applied Materials &
Interfaces, 2017,9(2): 1352-1360

Mao X X, Lu Y W, Zhang X D, et al. beta-Cyclodextrin
functionalization of metal-organic framework MOF-235 with
excellent chemiluminescence activity for sensitive glucose
biosensing. Talanta, 2018,188: 161-167



XXXX; XX (XXO)

== 1 VAN

BE, % ERATIERNKEBHF TR

-15-

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

Valekar A H, Batule B S, Kim M I, et al. Novel amine-
functionalized iron trimesates with enhanced peroxidase-like
activity and their applications for the fluorescent assay of choline
and acetylcholine. Biosensors 2018,
100:161-168

Chen W H, Vazquez-Gonzalez M, Kozell A, et al. Cu**-modified

& Bioelectronics,

metal-organic framework nanoparticles: a peroxidase-mimicking
nanoenzyme. Small, 2018, 14(5). doi:10.1002/sml11.201703149
Zhou W Q, Li H F, Xia B, et al. Selenium-functionalized metal-
organic frameworks as enzyme mimics. Nano Research, 2018,
11(10): 5761-5768

Dong W F, Yang L Y, Huang Y M. Glycine post-synthetic
modification of MIL-53(Fe) metal-organic framework with
enhanced and stable peroxidase-like activity for sensitive glucose
biosensing. Talanta, 2017,167:359-366

Hu S S, Yan J J, Huang X M, ef al. A sensing platform for
hypoxanthine detection based on amino-functionalized metal
organic framework nanosheet with peroxidase mimic and
fluorescence properties. Sensors and Actuators B-Chemical, 2018,
267:312-319

Yang Q H, Xu Q, Jiang H L. Metal-organic frameworks meet metal
nanoparticles: synergistic effect for enhanced catalysis. Chemical
Society Reviews, 2017,46(15):4774-4808

Zhang Y P, Zhou Y, Zhao Y, et al. Recent progresses in the size and
structure control of MOF supported noble metal catalysts.
Catalysis Today, 2016,263: 61-68

Zhang Y, Wang F M, Liu C Q, ef al. Nanozyme decorated metal-
organic frameworks for enhanced photodynamic therapy. Acs
Nano, 2018, 12(1): 651-661

Liu Y F, Cheng Y, Zhang H, et al. Integrated cascade nanozyme
catalyzes in vivo ROS scavenging for anti-inflammatory therapy.
Science Advances, 2020, 6(29): eabb2695

Deng M, Bo X J, Guo L P. Encapsulation of platinum nanoparticles
into a series of zirconium-based metal-organic frameworks: effect
of the carrier structures on electrocatalytic performances of
composites. Journal
815:198-209

Li H P, Liu H F, Zhang J D, et al. Platinum nanoparticle

of Electroanalytical Chemistry, 2018,

encapsulated metal-organic frameworks for colorimetric
measurement and facile removal of mercury(Il). Acs Applied
Materials & Interfaces, 2017, 9(46): 40716-40725

YangY, Yang ZH, Lv ] J, et al. Thrombin aptasensor enabled by Pt
nanoparticles-functionalized Co-based metal organic frameworks
assisted electrochemical signal amplification. Talanta, 2017,
169:44-49

Shen W J, Zhuo Y, Chai Y Q, et al. Ce-based metal-organic

frameworks and DNAzyme-assisted recycling as dual signal

amplifiers for sensitive electrochemical detection of
lipopolysaccharide. Biosensors &  Bioelectronics, 2016,
83:287-292

Huang Y, Zhao M T, Han S K, et al. Growth of Au nanoparticles on

2D metalloporphyrinic metal-organic framework nanosheets used

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

as biomimetic catalysts for cascade reactions. Advanced
Materials, 2017,29(32): 1700102

ChenlJY, XuQ, Shu, ez al. Synthesis of a novel Au nanoparticles
decorated Ni-MOF/Ni/NiO nanocomposite and electrocatalytic
performance for the detection of glucose in human serum. Talanta,
2018,184:136-142

Yan R, Zhao Y, Yang H, et al. Ultrasmall Au nanoparticles
embedded
nanosheets exhibiting highly efficient and size-selective catalysis.
Advanced Functional Materials, 2018, 28(34): 1802021

in 2D mixed-ligand metal-organic framework

Sun D, Yang D, Wei P, et al. One-step electrodeposition of silver
nanostructures on 2D/3D metal-organic framework ZIF-67:
comparison and application in electrochemical detection of
hydrogen peroxide. Acs Applied Materials & Interfaces, 2020,
12(37):41960-41968

Sun Z J, Jiang Z W, Li Y F. Poly(dopamine) assisted in situ
fabrication of silver nanoparticles/metal-organic framework
hybrids as SERS substrates for folic acid detection. Rsc Advances,
2016, 6(83): 79805-79810

Jiang Z W, Gao P F, Yang L, et al. Facile in situ synthesis of silver
nanoparticles on the surface of metal-organic framework for
ultrasensitive surface-enhanced raman scattering detection of
dopamine. Analytical Chemistry, 2015, 87(24): 12177-12182

Hu Y H, Cheng H J, Zhao X Z, et al. Surface-enhanced raman
scattering active gold nanoparticles with enzyme-mimicking
activities for measuring glucose and lactate in living tissues. Acs
Nano, 2017, 11(6): 5558-5566

GaoLZ,ZhuangJ, Nie L, et al. Intrinsic peroxidase-like activity of
ferromagnetic nanoparticles. Nature Nanotechnology, 2007, 2(9):
577-583

Fu S'Y, Wang S, Zhang X D, et al. Structural effect of Fe,O,
nanoparticles on peroxidase-like activity for cancer therapy.
Colloids and Surfaces B-Biointerfaces, 2017, 154: 239-245

Tang X Q, Zhang Y D, Jiang Z W, et al. Fe,O, and metal organic
MIL-101(Fe)
chemiluminescence for sensitively sensing hydrogen peroxide and
glucose. Talanta, 2018, 179: 43-50

Zhao C C, Dong P, Liu Z M, et al. Facile synthesis of Fe;O,/MIL-

framework composites  catalyze  luminol

101 nanocomposite as an efficient heterogeneous catalyst for
degradation of pollutants in Fenton-like system. Rsc Advances,
2017,7(39): 24453-24461

LaiH S, Shang W J, Yun Y'Y, et al. Uniform arrangement of gold
nanoparticles on magnetic core particles with a metal-organic
framework shell as a substrate for sensitive and reproducible
SERS based assays: application to thequantitation of malachite
green and thiram. Microchimica Acta, 2019, 186(3): 144

MaX W, WenS S, Xue X X, et al. Controllable synthesis of SERS-
active magnetic metal-organic framework-based nanocatalysts
and their application in photoinduced enhanced catalytic
oxidation. Acs Applied Materials & Interfaces, 2018, 10(30):
25726-25736

LulJ,HuY H, Wang P X, et al. Electrochemical biosensor based on



16

EMUFESEYWIRHR

Prog. Biochem. Biophys.

XXXX; XX (XXO

[73]

[74]

[75]

(76l

[77]

[78]

[79]

[80]

[81]

(82]

(83]

[84]

gold  nanoflowers-encapsulated ~ magnetic =~ metal-organic
framework nanozymes for drug evaluation with in-sifu monitoring
of H,0, released from H9C2 cardiac cells. Sensors and Actuators
B-Chemical, 2020,311: 127909

Cui Y X, Rimoldi M, Platero-Prats A E, et al. Stabilizing a
vanadium oxide catalyst by supporting on a metal-organic
framework. Chemcatchem, 2018, 10(8): 1772-1777

Tan B, Zhao H M, Wu W H, et al. Fe;O,-AuNPs anchored 2D
metal-organic framework nanosheets with DNA regulated
switchable peroxidase-like activity. Nanoscale, 2017, 9(47):
18699-18710

LuoFQ,LinYL, Zheng LY, et al. Encapsulation of hemin in metal
organic frameworks for catalyzing the chemiluminescence
reaction of the H,0O,-luminol system and detecting glucose in the
neutral condition. Acs Applied Materials & Interfaces, 2015,
7(21):11322-11329

Li D L, Wu S H, Wang F F, et al. A facile one-pot synthesis of
hemin/ZIF-8 composite as mimetic peroxidase. Materials Letters,
2016,178:48-51

Cheng H J, Zhang L, He J, et al. Integrated nanozymes with
nanoscale proximity for in vivo neurochemical monitoring in
living brains. Analytical Chemistry, 2016, 88(10): 5489-5497
Zhang LY, Fan C, Liu M, et al. Biominerized gold-Hemin@MOF
composites with peroxidase-like and gold catalysis activities: a
high-throughput colorimetric immunoassay for alpha-fetoprotein
in blood by ELISA and gold-catalytic silver staining. Sensors and
Actuators B-Chemical, 2018,266: 543-552

Xie SB, YeJ W, Yuan Y L, ez al. A multifunctional hemin@metal-
organic framework and its application to construct an
electrochemical aptasensor for thrombin detection. Nanoscale,
2015,7(43): 18232-18238

Ou D, Sun D P, Liang Z X, et al. A novel cytosensor for capture,
detection and release of breast cancer cells based on metal organic
framework PCN-224 and DNA tetrahedron linked dual-aptamer.
Sensors and Actuators B-Chemical, 2019, 285: 398-404

Luo Z B, Sun D P, Tong Y L, ef al. DNA nanotetrahedron linked
dual-aptamer based voltammetric aptasensor for cardiac troponin I
using a magnetic metal-organic framework as a label.
Microchimica Acta, 2019, 186(6): 374

Michopoulos A, Kouloumpis A, Gournis D, et al. Performance of
layer-by-layer deposited low dimensional building blocks of
graphene-prussian blue onto graphite screen-printed electrodes as
sensors for hydrogen peroxide. Electrochimica Acta, 2014,
146:477-484

Li N N, Huang X, Sun D P, er al. A sensitive and rapid
electrochemical aptasensor based on Au@PB for selective
detection of mycobacterium tuberculosis antigen MPT64. Journal
of the Electrochemical Society, 2019, 166(8): B604-B609

YinY Q, Gao CL, Xiao Q, et al. Protein-metal organic framework
hybrid composites with intrinsic peroxidase-like activity as a
colorimetric biosensing platform. Acs Applied Materials &
Interfaces, 2016, 8(42):29052-29061

[85]

[86]

(87]

(88]

(89]

[90]

[91]

[92]

[93]

[94]

(93]

[96]

[97]

(98]

Hou C, Wang Y, Ding Q H, ez al. Facile synthesis of enzyme-
embedded magnetic metal-organic frameworks as a reusable
mimic multi-enzyme system: mimetic peroxidase properties and
colorimetric sensor. Nanoscale, 2015, 7(44): 18770-18779

Zhao Z H, Pang J H, Liu W R, ef al. A bifunctional metal organic
framework of type Fe(Ill) -BTC for cascade (enzymatic and
enzyme-mimicking) colorimetric determination of glucose.
MicrochimicaActa, 2019, 186(5): 295

Liu X, Qi W, Wang Y F, er al. Rational design of mimic
multienzyme systems in hierarchically porous biomimetic metal-
organic frameworks. Acs Applied Materials & Interfaces, 2018,
10(39):33407-33415

Wang Q Q, Zhang X P, Huang L, et al. GOx@ZIF-8(NiPd)
nanoflower: an artificial enzyme system for tandem catalysis.
Angewandte Chemie-International Edition, 2017, 56(50): 16082-
16085

Ling P H, Qian C H, Gao F, et al. Enzyme-immobilized metal-
organic framework nanosheets as tandem catalysts for the
generation of nitric oxide. Chemical Communications, 2018,
54(79): 11176-11179

Liang Y H, Shang R, Lu J R, et al. Ag;PO,@UMOFNs core-shell
structure: two-dimensional MOFs promoted photoinduced charge
separation and photocatalysis. Acs Applied Materials & Interfaces,
2018,10(10): 8758-8769

Wang C Y, Huang S M, Luo L Z, ef al. Ultrathin two-dimension
metal-organic  framework nanosheets/multi-walled  carbon
nanotube composite films for the electrochemical detection of
H,0,.Journal of Electroanalytical Chemistry, 2019, 835: 178-185
Hu M Q, Lou H, Yan X L, et al. In-situ fabrication of ZIF-8
decorated layered double oxides for adsorption and photocatalytic
degradation of methylene blue. Microporous and Mesoporous
Materials, 2018, 271: 68-72

Khoobi A, Salavati-Niasari M, Ghani M, et al. Multivariate
optimization methods for in-situ growth of LDH/ZIF-8
nanocrystals on anodized aluminium substrate as a nanosorbent for
stir bar sorptive extraction in biological and food samples. Food
Chemistry,2019,288: 39-46

Wu Y Q, Qiu X C, Liang F, et al. A metal-organic framework-
derived bifunctional catalyst for hybrid sodium-air batteries.
Applied Catalysis B-Environmental, 2019,241: 407-414

Chen Y-Z, Zhang R, Jiao L, et al. Metal-organic framework-
derived porous materials for catalysis. Coordination Chemistry
Reviews, 2018,362: 1-23

Tan H L, Ma C J, Gao L, et al. Metal-organic framework-derived
copper nanoparticle@carbon nanocomposites as peroxidase
mimics for colorimetric sensing of ascorbic acid. Chemistry-a
European Journal, 2014,20(49): 16377-16383

Dong WF, Zhuang Y X, Li S Q, et al. High peroxidase-like activity
of metallic cobalt nanoparticles encapsulated in metal-organic
frameworks derived carbon for biosensing. Sensors and Actuators
B-Chemical, 2018, 255:2050-2057

Li S Q, Wang L T, Zhang X D, et al. A Co, N co-doped



XXXX; XX (XXO)

, %F: ERAVIERNKEBHARER 17

hierarchically porous carbon hybrid as a highly efficient oxidase
mimetic for glutathione detection. Sensors and Actuators B-
Chemical,2018,264:312-319

WeiP, Sun D P,Niu Y, et al. Enzyme-free electrochemical sensor
for the determination of hydrogen peroxide secreted from MCF-7
breast cancer cells using calcined indium metal-organic
frameworks as efficient catalysts. Electrochimica Acta, 2020,
359: 136962

WuTT,MaZY,LiPP, et al. Bifunctional colorimetric biosensors
via regulation of the dual nanoenzyme activity of carbonized
FeCo-ZIF. Sensors and Actuators B-Chemical, 2019, 290:357-363
WuTT MaZY,LiPP, et al. Colorimetric detection of ascorbic
acid and alkaline phosphatase activity based on the novel oxidase
mimetic of Fe-Co bimetallic alloy encapsulated porous carbon
nanocages. Talanta, 2019, 202: 354-361

[102] Xiong Y H, SuLJ, Yang H G, et al. Fabrication of copper sulfide

using a Cu-based metal organic framework for the colorimetric
determination and the efficient removal of Hg?" in aqueous
solutions. New Journal of Chemistry, 2015,39(12): 9221-9227
Yang W, Hao J, Zhang Z, et al. Metal-organic frameworks-derived
synthesis of porous FeP nanocubes: an effective peroxidase
mimetic. Journal of Colloid and Interface Science, 2015,
460: 55-60

Zhai M K, Wang F, Du H B. Transition-metal phosphide carbon
nanosheet composites derived from two-dimensional metal-
organic frameworks for highly efficient electrocatalytic water-
splitting. Acs Applied Materials & Interfaces, 2017, 9(46): 40171-
40179

Rong J, Xu J C, Qiu F X, et al. 2D metal-organic frameworks-
derived preparation of layered CuS@C as an efficient and stable
electrocatalyst for hydrogen evolution reaction. Electrochimica
Acta, 2019,323: 134856



-18- S FESEYYMIEHE  Prog. Biochem. Biophys. XXXX: XX (XX)

Recent Advances in Metal-organic Frameworks—based Nanozymes”
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Abstract A kind of nanomaterials with enzyme-mimicking catalytic activity, named as nanozymes, have
attracted the attention of researchers. Compared with natural enzymes, nanozymes exhibit the advantages of
simple production, low cost and good stability. As a new class of porous coordination polymers, metal-organic
frameworks (MOFs) possess many attractive properties, such as structural diversity, pore size tailorability, high
specific surface area, and controllable porosity. MOFs-based nanozymes are attracting growing attention because
of protection of the ordered framework and the adjustable structure. In this review, we summarize the construction
of different types of MOFs-based nanozymes, including pristine MOFs, MOFs with modification, MOF-based
composites, and MOF derivatives. Then, the typical applications of MOF-based nanozymes in the detection of
various analytes are reviewed. We also summarized and compared the characteristic of MOFs-based nanozymes in
different construction types. Finally, the current challenges and future developments of MOFs-based nanozyme

are also discussed.

Key words metal-organic frameworks, nanozymes, composite material, biochemical analysis
DOI: 10.16476/j.pibb.2020.0282

# This work was supported by a grant from The National Natural Science Foundation of China (82003710).
#x Corresponding author.

Tel: 86-20-39352540, E-mail: sundp@gdpu.edu.cn; sunduanping@126.com

Received: August4, 2020 Accepted: November 20, 2020



