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Abstract: Screening of enzyme inhibitors is one of the important approaches for drug development. The three-
dimensional structure of enzymes is susceptible to the interference of external factors such as temperature and salt
concentration, leading to a decrease in its catalytic activity and stability and increasing the cost of drug screening.
Therefore, immobilization through enzyme-carrier interactions to improve the stability of enzyme structure has become an
important strategy to maintain the enzyme activity. Screening enzyme inhibitors from complex samples based on

immobilized enzymes has also become a hot field of drug research and development. In recent years, metal-organic
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frameworks (MOFs) are known as the ideal carrier for enzyme immobilization due to their characteristics of adjustable

aperture, large surface area, simple structure, stable environment, and so on, and it provides a novel method to achieve the

efficient screening of enzyme inhibitors. The method of enzyme immobilization using MOFs as the carrier, the research

progress of inhibitor screening and application were summarized. The opportunities and challenges of MOFs enzyme

immobilization and drug screening were prospected.

Key words: MOFs; enzyme immobilization; enzyme inhibitors; drug screening

it & — P 2 5 AR PR BRI O, 4R AfA
AN IE R A 0 A AR i IR
B AR b 5 R ) A il 3 2 R AT e sk 2
P, T AT A 700 sl sl 70 T LAV S PR I
N TE A AT R . 58 T 7K T A A DG4
It AT AT, B O 2T R Ay
B A D 55 2 —, 7 il 24 e B R R 7
1M A, 2 1 e A R A ) T 5 2454
FEfG AR 7 18 5 2 b, B R B 2
(BB R A 2 — P, SR, B = S5 R
o BRI | A2 PR EE A5 A 5L R 2R 1 52 1) T4 s
NP S BT A B R R IR A, ARG 4l 1k AN
] i PRI e, i A2 AT FH A RE I AS A2, X3 T 25 4 i
TR LA, N T e R i), AFFAE N B3 TS
MR (A AR ELAE PR RS T I R A SR s, FH A3
1o B L A AR I | AT S A R, R Il T
TR KA T8 1 it ) oy .

4 )@ A HUAE 22 4 Bl (metal-organic frameworks,
MOFs) & —F X4 b 6k, BATFLAR T, 2544
ZHEAL . LR R R DL S AR e R S0 A, TR
It Ak 7 T A2 e T 24 M 1k, FE T MOFs 1
il [ 72 A F9E R UG T i 35 k. AR SC R Gt )
IR T LA MOFs Ay 8% S B e 11 5 Ak i) B AR U7 ik, [+
AR 48 B -MOFs &2 5 A1 BE25 6 BA R 3 A A il 4 AR
JAR 0 RN T 15, A48 T MOFs TE Bl il 71 i 128
2 it A s i o FH 2.

1 MOFs EEEL

MOFs S48 i I 4 Jm 2+ 5 A HLECAGE i [ 41
ST B LA TR I T 4% 45 1 1Y) A 22 LR L
MOFs 1 it 181 52 F0 i 28 A4, BT LA Sy il 26335 B [
SE A T DA S = B e, B 2 W
. S5 —, A LI i % MOFs By FLAE R/NFITZ,
A SHe DT T ik, A AN ] 4328 A /I AR I ) T Ak B AL
AIRETE. 55—, #m 1)t R T AL MOFs B 3

(it 7 . 28 =, R T I B AR A A
VER, fEHAE IR A HLER R 08 55 4 44
TN IRRE, SR TR AR S PR R TR,
M Ik, MOFs 45 242l 3% T Mg i feue v . A Ak v fn
]S A, A Sk T I S T P B AR R AR,

RIS MOFs A EAE 5 A [H], — B
#5703 A vk G 22BN Ay By
O R AR FESEBRARAE v, I b B AR
WAL BV 2 A IR, — B0 T g S Ak
B A B AT AN SS A, LR R
it [ 52 AL BORCR. H T, B4 KR P55 L MOFs i
AR S AN [ 11 SR s o R 7 T Ak, ane 1 ).
1.1 FEFE

it 17 72 AL T AL~y 2 SE M e A sg B ik
A 30 1o 5 A 2 ] 8 A7 S B [ a2 4k,
17 A2 B U2 1) P AUy 68 3850 ik il 5 28 A 22 i) LA
B 53 22 10) e A= 38 I SN, 4 it 11 2 A 2 A b
PSR TR I A R AR e v, Rkt
it ()92t BT T 3 sk 22 A S B il T )
MOFs [-™. MOFs i i 5 BE A, FlanR It | ¥k,
SR BRMESL | Wb L | IRRILAE, #0RT LUk il
PR A7 ™

TE N, N-— PR Kk Wl (DCC ) Bl -2 HE B
FARE W e (NHS ) VE T 35006 Mok e £ A2 S AN [
(A R4 7 ¥ 2 —. Shih 2% F ] DCC #7% MIL-
88B-NH,(Cr) [ 25 FR 5L, 38 1 25 A% O v e 45 &
i 2 {1 T R 1) R R, TR IR 11 2o 7 g i 2
F B % 2h [ 27 MOFs 119 2 i (n & 1 B 7w ).
Tudisco %" AN L5 & U5 181 ik (PSM) A4S
4, it MOFs 5 1% — B IF S 1 51 A B R R, Fl
FH N IER AR BEFHAME % (Sulfo-NHS ) 16 £k M55 R
K, T 2 0 A= B A P B A K 5 2 S A
(GOx), ¥ Hpl 1 i 2 2| [7]— R AN [F] MOFs[(NH,-
MIL53(Al) #1 NH,-MIL101(Cr)] Ay 21 [, # 56 T
MOFs [ ] SRR L. Sy it — 254 o 11 5 Fh i % 42



%2 1 W, A ST R R A YUNEZE AR [ 52 fb SRS K 245 W) i ee i o e e 127
£1 ETAEFAREEE-MOFs S4TSR
Table 1 Summary of performances of enzyme-MOFs composites prepared based on different methods
MOFs i i P 2% 50t

MIL-88B-NH,(Cr) JHRZE T A — PER AR 1 K AP RE [23]
NH,-MIL53(Al) . NH,-  #j%hE L hy il R | AR [19]
MIL101(Cr)

ILs/Fe;0,@MOF BV A w2 M (Y AT =N YL act 3 [24]
Fe,0,-COOH@UiO-66- I NG HIHE AEHR — B A el [25]
NH, it I

Fe,0,@ZIF-67 - AR T 22 ik A [20]
Cu-BTC i B 2F ST TR R T T TR B I BE TR R [21]

47T 2 A T
HP-DUT-5 MR SAALE . PRIR T A — FETELF | R e rEsm [26]
Ui0-66-NH, TR AR B iR il L) — LS [27]
Cu-MOF BRI T HPiEE — e BB mme: (28]
FasE 1
MTV-ZIF-8 YL AT 1k I BE TR [5]
Ui0-66-NH,(30) BTt FIER ., §H =B mEEE. etk [29]
BMOMs VR R B TSI =T DL [22]
DNA/ZIF-8 BRI ALY | A% JE AN f iy N [30]
WAL
—: ARTEH

Suo %P | F B F Mk (11Ls )& 1 6 7 MOFs, Jf:
7E NHS 1E H F 3 + 3t f 4 [ 5 I8 W7 i (PPL).
ILs/Fe,0,@MOF i i Z 5 AH B AE 1 4 [ 5E 1k PPL
PEUE T RAFAIOASR, B A Ah T 1 4 5 2 U0 5 il
() 2.09 1.

BEAN, 30T DL 3 S R I (GA ) S R it ]
FEA. I R R S 2 —, AT DM 2
SRR BN AR T AV L, R 1 R L
T3 R E PR, Xu 2% F ) GA il % T

DCC

&1

activated MIL88B-NH,(Cr)

T PPL [EE ki MOFs(Fe,0,-COOH@UIO-66-
NH,), i HAG BT A, Wk 1 [ fh i iR
1 pH TR 32 P Wu 2 R ] 3-( N 3 = 3
e B Fe,O,@ZIF-67, 5 GA —ui It &
A RS KRB, S F ARS8 20 W L G [ 7
MOFs I 7EsAEAMF T, B 718054 79.07 pg/mg,
JE VARG VE G KA L R 44 (8.04 pg/mg) Y 10 £ 72
A, 3B A e S A i ) 7 22 4 T R R R R
.

trypsin-MIL88B-NH,(Cr)

FR % A ESE & £ DCC &/ MOFs ™
Fig. 1 Trypsin immobilization onto DCC-activated MOFs

123]



128 TR AR 5

F29 %

1.2 ¥BAH%
1.2.1 TR

5% THT W2 oA 2 e e e P ) il [ Ak s, T
iy 5 Bk Z I AR ) | # R el S A 55 A
LA, A AR R i T A A . SR
TR R B AN T 0 4 S TR R A 2D B, g 5%
PHR AN, R B AR A — e i e, f—

PRI i ARIAS 17 i FEARZ MOFs B,

HA Y2 Z LA E) MOFs 7] UL B 2 3 9 i
FRCRE R, I 50 e B HE R0 S P A B R, TR bk 22
FHAE W B [ 2 i 2 A4 wF 92 A 5L R Cu-BTC., HP-
DUT-5. UiO-66-NH, 5543 2% Z L. MOFs, & T 3 [fi
W R LD il 28 T 2270 [ AL .

Cao 25" 3 1 24 v 176 1 790 408 A Aty o 2 S0 AT 1
JE Wi (BSL2)JE e &4, FIHEL A 45 Cu-BTC
Z B 75 fEAE Sk BSL2 [ 5 78 MOFs |-, IR
fe 1Ak BSL2 Ao A 7% 1 A el o 52 fift M, il
HAE 10 AR EA 90.7% WIPIG BTG . HP-
DUT-5 & 55 —F & FERR 2 1 43 2 2 L. MOFs, X7
A LI (GOx) IR R i (URICASE) R Bl B
TR BRERE T, SR R 43- A 208, 225 mg/g™.
Lk — R, Liu 252 ) 2 i Bk il 7% 1 B
A IEE MY [ %€ b GOx Fil URICASE. 1E4h,
Ui0-66-NH, A $15) 308 1 45 & )2 F1 4= 5 19 da [A]
A-fL, H: BET He R E AL (1 049.2 m*/g) & T Cu-BTC
(905 m”/g), FFLH G A B PERE™". 5 GA S
SE £ Tk JIE B B B (AChE ) A H , UiO-66-NH, %}
AChE Y[ % fE 77 (213.1 mg/g) W1 & &5 T4 [
75(60.6 mg/g)"", TFSLH: P TR O A A, (R4
3% T AChE (AR,
122 JRA AR

B N SE BNy 111 4 R e i | = X A )
s MOFs G AN Eg L F 48 G o — 20 SO, &
b T EAE AR, [FIEE AT 2R B A 2 8241 T 3D
SRR ORAAR = 1 [ S AR R AR 1, R AT
T BRI IR L A, 0T R R 4> T
K/IVFI MOFs (175 s 85 ¥ 5 AR ZER, R H B
B0 RV, R0 DA A M 3k A 58 U 1
P ik

IV — P LTI A T 2. e A K
E AR, AR SRS e B (PVP) 485 Bl kR
S8 SR ORAF I A0 36 1, A D DTUE #E A2 KA MOFs &

T, SR E k. AT R SRR N AR R Y
2 T 2R, AT LAIE o RS R A T R A
BILIZE B2 70 () v B R LR A5 90 MOFs 1 25 # R 1,
TRALEE-MOFs & &4 kHr g™+,

X AR pH 2% 8 T B A i A0 06 M 0 g 5
MOFs FERRPEIRST T i Fe e s i [ 5 fL i g
(AR 2. LA B-H A BT I (B-G) SR i), oK it Iz
N7 4 e pH (ELAE S 227, A3k vh i FH Y ZIF-
8 TR M F AR, Mitk, Wang S5 el T
1 pH 4 5 W55 2 1Y Cu-MOF, 4R 5 i i 15 %
Cu Fl XF & 2 7K 1 iR (PABA IR, IR S & FH
PVP [RA W, 3T ILTTE ksl & T HA R E
B ROR RN R ME R 2 PERY B-G@Cu(PABA). 1L 4h,
MOFs [FLAZIE 3 /N T 2 nm, SEBORR S (0 TilgxE L
Bl R AL [ . R, BTN B e K B A AL
FEFA BT KAFL MOFs AR, A AN [/ R (1) il
PAE T AR Gascon 2517 3E 15 5] A FeCl, Fl
AN ELRIRER (BTC), JE LTI A A R T
— B B[R] RS 1 E-MOFs & &4k}, oIk T &
TR/ IN B A

SR, HLTTvE Ik Had HF AR A& T &
/LR MOFs IR AZ 45 SR A HLBCIAR S i3 (s
W Tl ) 1R B SRR PR DL S A MOFs 4 B RS 5
P, 30 D) B — P A SZ i 53T 5 1 MOF's 45 F4 B il
) it [ A s D B TR e MDA T X —
K. AEDT A0 412, MOFs B U . A K g [
FERI AT, 4 )@ B 7 S5 AR ) S A BAE T, 5
5 MOFs A= K A%, RN AR LR 2, 0 il 1 o 7E
MOFs (1 = ZEbiE] o, JE E-MOFs & AR 1,

A Ay it 1 22 Ak B 28K, MOFs B4k 2 20 5
PR T 5 A 0 1 b T P 1 G R R
Li 4 % B MTV-ZIF-8 H g 75 i (BCL) I 11 5 3%
KM T T bR 22 [ 2 A 3 4 i 3 0 ) A 2 PR AH
Felk. Wi ZIFs SE/K PRGN, BCL fOZ5 4 M 1A 35
AS M ISR G (IR 2 f7R ). X R B 7E MOFs i) —
YeFm A A7 7E B RE A (%) 23 (R HES, 38 o PR #E A b
() SR B 7K P, 36 2 B AR A 52, (LR B
AL Y. MOFs 1Y 3 P B S 45 7E 42 )8
B EUOK A 43 0 B [FIVE R B R 90 K B AL
PERE. FIFH X — e 5 0T ARG 5 [ 2 AL A0 76 M. Jing
ST S L (5 R AR R L AL U (CAT) B 26 76
AT 33 A AL Y BRI PR Fe-BTC o, il f9 EA3 1



2 W, & BT A A HUER R B [ e TS X 25 Wi ve i oz ik 129

B gy -

@ ("unitary ; Yy - g % Ll ¢ Ty Y

) linker: ';,'-," f:—';' 1:»:‘,-"
Zn*" Ul .y s o 1 g %

;5 binary Seall ._’o’i‘ AP

—— \5’\“- '< Y J¥ ¥y ,“ v By

¢ . . BCL ;; . linkers: g% it woled
—e 26 A e

YR mw*hﬂﬁ,ﬂz

2- M13 MTZS MTA linkers: %% e f_;_ pn SR o) U

BCL@MTV-ZIFs

R

Closed-Lid conformation

ZIFs regulated

conformation
change

@

Open-Lid conformation

2 (a) BCL@MTV-ZIF-8 84 X, (b) MTV-ZIFs 1~ BCL I Z MR MAF ZH K"
Fig.2 (a) Synthesis of BCL@MTV-ZIF-8, (b) Closed-Lid conformation and Open-Lid
conformation of BCL regulated by MTV-ZIFs"

AL TG P CAT@Fe-BTC. BLAh, 7Ef s By ik i Beat b, 51 Mg o W ok, 55 m x4

it P Ak AR ) 2R T LA AL 2R T Bt B OC E
F5 e R, % THI A 220 1R B ik 5 3% B R R T 199 s 1 v
B A A O AR A AR, MORIRER S &
T N A ) T A BRI R, AL I
T RIMASLRI T2 RE BT ik
ARG,

1.3 HfthAix

ey 2SIk 2 W AN R A AL R E R T2
FHF g 8 2 ALt 5%, AEAE S B b FH 5 — T
T BT % B [ A A A 3 PR R AT S T R Ay et
il 61 A0 T v, AT 38 R R A A
JEEMUR NS ZEE G E KRR, A
FEAEPERERIBE-MOFs &2 A #8L

T B9 v Bl 5 2R 22 18] A9 55 40 BLAE &
% pH LU AR L g 2, S EOLAEERR e R 22
iz A n . PR, Liu 25607 38 i 6 sz 0
2 A BE R LU AR T AR 40 A1 5 I (Lac) 73 F K/
FHVC ALY UiO-66-NH,(30), i Lac W% B 4™ H [ &
1E UiO-66-NH,(30) iy & 1r0 A1 A #8, # ] 1 [ 2 £k
Lac 92, lidhifilss T AR, Sfigka
(275.96 mg/g) Ml & 76 P B Y % (618%) Y Lac@
Ui0-66-NH,(30).

T MOFs 5 05 JE 54 78 il (PmHS2) i) A= 9 4
KM, 5 FEERNE, Kt MOFs 1R/ FH/EAGER
Wi N Z B g 02 A kot AR i AR S T R
PmHS?2 [ % 1k K HE (1) 7] f, Qiao 5™ 7E ZIF-90 &

JE AP EHBMOMSs) B4 £L, SE B T HE I 54 7% il
() 851 2 Ak, i8S T B0 S AT A ) 4 B TR
#% PmHS2@Mg-BMOM, 4i/& 3(a) FiR.

15 5, MOFs — B FH T 4 il 174 i1 5 £k
{HRA TS B, MOFs i T HAL B 89 vEfE, T LA
VN [ 2 Z2 TR R 24K ) Song 55 27 UKy
B S AL (HRP) F 20 A AL (GOx)TE R
FERU, 38 DNA AR 283017280k, ¥ 2 B &
Yy £ R ZIF-8 Hhr, WA 3(b) s, I I i
1f DNA SZAR 46X il Y B 3 4l 5 W B s 1
AR . BERG PEFN S )2 PERE

2 3R I A A

L MOFs hy % 1) [ 2 AL g LA P8 5 1 ik

S N Vet v I N =R A G S NG REATE 73 1187/ R
O Z it P 3 L ) AT ) R B T . A K

BT TAESS A B4 HIK (CE)'™| maliorl
(HPLC)"™ D) J A% IS m '™ 2 Z2 b o B G T 45 A
HEN T R, DAV TG 4 o S T AR
7, DT OIS T 0L 1 D R0 25 0 O O . 2 2
457 3LF MOFs 11 [ 5 fh i e 18 ) il 100 o) 551 0
Hr .
2.1 EHERK

B4 UK (CE) B A FERE RN, S0 BTt ]
Sy ERCRE . BT H LSRR A TR
o7 3 2%, B2 Ry FH T D 750 07 i 4.



130 BT R AR S 5529 %
@@ 1CcA PmHS2 | o 9
- % 57 S\ H(g{()\;—-ﬁf o o N
; 4 e "",.-‘__%( HC=g " 0= Pp=0-P-0 o NT¥0
‘_‘t-"‘ l;; ',' . [¢} ONa ONa - Ol,v]
E=c UDP-GIeNAc

and stability

PmHS2@Mg-BMOM

(b)

OH

0..0H, -0, 0.0 0. 0.0,
x O s O ot e 4 C
Ny’ HO NHo S\~ HO H
190 OH ' HC— S0 OH = HC— Qo™>""oH !
N

self-assembly
-~
Y-DNA
SNSRI
linker 1-GOXx, linker 2-HRP

GOx&HRP@DNA

4
(@)

_oH
- SO
”ﬂoﬁ.-%ﬁu o )—vo.

GlcA-pNP

high catalytic capability

OH

O, OH
. o}
HO TN\ o, O
HO NH O, o
HiCug O, Nyt
o HO OH

disaccharide

oH
0 Oy O . OH
. o <_-0,
HO N o
TR T A=
o

NO,

trisaccharide

OH OH
Q. OueOH

GOx&HRP@DNA/ZIF-8

3 (a) PmHS2@Mg-BMOM MR MM AR ~EE R EAEFZ 2. = BMNZ &K 8N A" (ICA, Imidazole-2-
carboxaldehyde) , (b) B iJ Y-32 5232 Bk % MER R 45 H 7£ ZIF-8 ShE My mEE™
Fig. 3 (a) Schematics of synthesizing a PmHS2@Mg-BMOM microreactor and its applications for synthesis of heparosan

disaccharide, trisaccharide, and polysaccharide™(ICA, Imidazole-2-carboxaldehyde), (b) schematic for cross-linking

multiple enzymes network by Y-scaffold and entrapment in zeolitic imidazolate framework (ZIF-8

Liu 2527 i F UiO-66-NH, 1 >4 T 40145 H vk (5,
Tk (CEC) B [#] 2 AH, I FH 2K 180 W% B 2: 4 AChE [#]
FETE MOFs I, #8821 JH T & %07 26 Wi 43 Hr 1)
MOFs-IMER-CEC — &b & 0T R 4. % & T
Ui0-66-NH, 4 b #8 vy A4 B FL 454, Ui0-66-
NH, ¥ )2 W ] S5 28] 17 icoRekss, 35 7 CEC
7] 7 M A il £ 28 0. Ma 257 Sl A SR R AL
[) P 400 G BT, 5 1 4 25 6 1] %2 #F Ui0-66-NH, I,
JHER CEC BT e AH, SE3 7 xS ME e
il prue s c

) ZIFs AR F A9 MOFs FLBR /I | Be o7
55 . ZE IR AR ET, AN T 0 i 700 5 3k 1 A
Hh [ 5 AR A [EDISOR . DR, 98 N B S e B 4%
R R A0 K TR . MinO, 25 Ho A A1 RHE 5 T -MOF's
AR s e R AAS e T T, Ry ST B E vk

)I30]

PG TR R AL TR 7 %E. Wan 25
o AR A T G T S R A MURE R R
G M BHFe,0,@CS@ZIF-8), I o~ 2 W1 B I
P ETE Fe,0,@CS@ZIF-8 fits . WF¢ & 3,
SEAL o) 2 MY ECHIRBE T pHL (4T A2 M 5, 916
10 WG AT 74% PR BGHE R, KR T
A RE. B, LR T 14 R 2
s 0 G %, it CE % PR h A & PR Ak
LA ZE ARG A3 A] oo 80 25 W Tl 22 300 M 5 i 1) 10 1)
VEFICANTE 4 BiR). Lin 451 JE TS /R R AChE
Yy fH7E MnO,-ZIF-67 |, #il4¢ 7 HA B i) #
A | TR R BRRN T AAPE Y [ 52 16 AChE, J H:
5 CE WeH, WK IEE AL 4y B i 11 Fiik &4
Hiifie AChE M7, & BRI HEE IR A FI4RA
TR T R LA R AR S T, TR i



5524 WA, S ST G R A HUREZR AR B E LSRN S 25 W e T e it 131

&2 ET MOFs i [E 7 14 B 7 40 1 771 7 12 o 1 Rz

Table 2 Application of immobilized enzyme based on MOFs in inhibitor screening

MOFs i At *ifﬂrf W sk N S50k
Fe,0,@CS@ZIF-8  a-Hikjbitiig JEAS A3 — B I 14Fprp 2 h oMM RS [62]
Tl
MnO,-ZIF-67 Z R AR B g T W B — BB HIK KM e 1 H AChEH i [65]
S 16
Ui0-66-NH, FIENRIRGE  ZcHE, MEEE BT RRURHOE-  BASE R IR IR ERGE  [63]
PORAT- CATHT
(i) E R S
Fe,0,-COOH@UIO-  J&IHAR e BT Wil R RS- A B EIRI R [25]
66-NH, PULRAT-"RATHT 5]
(] R IR T
ZIF-90 - WE T i B ey — SRR EATE LA S Y [66]
FR G - AT A T AT
il 1)
Fe,0,@ZIF-67 - TT Bl i il mEREAEERE  FIHEBERA e [20]
BHEF R 5
Cu-MOF - BRI T Do A 27 iRk FERURBATAEY IR ERE  [64]
TERIBURE R 25
Au/Cu-MOFs DNAFRFERE  hEsE — AR RERS IS IS [67]
i BE AT APk
—: RHEH
/YOOC 1 9@00&\ TPP Zn(NO,),6H,0
OC&\C' chitosan PH 6 ‘
@0 3 %,
Fe,0,@CS Fe,0,@CS@Zn*>

aseprsoon[3-v
/ il \
Y

min
o) ¢
™

H 3

incubation

remove

materials

Fe,0,@CS@ZIF-8@oa-glucosidace

4 Fe,0,@CS@ZIF-8@a-E & HEH BE Y| & KBS H ) 71 7% 1% = = E''( TPP, Sodium tripolyphosphate)
Fig. 4 Schematic illustration of fabrication of Fe;O,@CS@ZIF-8@a-glucosidase microspheres and inhibitors
screening'™'(TPP, Sodium tripolyphosphate)



132 AT AR S A

#5020

BEACTEVERL T K 25 5558 T 5L,
22 FEBIEE

WA 355 (LC) BAT 43 sl FE TR . RS &
R MELF WTEEPER SO0 AL, G T ﬁﬁ%%
5P TSRS Y, R R AR R T
ORI, AR DL E R LC 5 B Boik sy
PSS G, LUS A RE T AL B VR R, 42T 43 A 16 1
G, hESAB B 25 R, 45 e 4 B A%, INMTis 3|
PR G 1 AT A 00 1 I ),

Chen 25 38 s L4 6 PPL [# 22 78 UiO-66-
NH, R, A S S IRYZE & %, #E5

(2)

activation solvothermal method
<

1 R AT A R AP BE LA K BC AR R S 6 A R
PE. % TAESS & = SO €3 - DU AR - A7 e ] AR
J5 1% 4 A (HPLC-Q-TOF-MS/MS), &t v T 3 T
PPL@MOF 1 e /4 1 £ 75, DA A B v 0 6 75 3
13 > PPL #fil 1], JH: v 8 SR R 1Y) 24 100 o ok B e {1
(28.97 pmol/L), EA YL K (1) B Il g 490 i) 1% & [ an
Kl 5(a) fitzR 1. A fff D e 4 T 424 75 v il 67 88 4t /N R
[ g PRI %) ) B, Xu 206 Ui0-66-NH, 841 e
BELREMEAK H FRE FLUY Fe,0,-COOH@UiO-66-NH,,
FAAE R 2 PPL AR, LUISR & A R R £ 386k
(247.8 mg/g) Al [a] Wi 3% P (101.5%). % TAE % T+

E_)recipitation—cross-linking
o ‘

l

incubation separation
— 2 e — =
L Cd
v e e
® @ e
- .y
o i

plant extract

‘ enzymes

inactivation analysis
Y

<

25
2000
1500
1000
5001
0 i — S
[

® specific compounds

% bonders couoled matrices

& glutaraldehyde %enzyme-MOFs biological maxricesy-. non-specific compounds

(b)

microinjection pump

N LN
o
-
'\-“J’
s

e

immobilized enzyme
microreactor

I"*U

g

1

TO._ McO,
b (2

0 5 10 15 20 25 30 35
t/min

mobile phase

El5 (a) PPL@MOF: ARRE P L MEAFERFHFEE™, b) EF4Rd
Fig. 5 (a) PPL@MOF: new platform for discovery of ligands from natural herbs

online screening system

sample loop

C,s column

dIE R TR O ik R

163]

, (b) syringe filter-based

166]



%52 3]

WA, S ST G R A HUREZR AR B E LSRN S 25 W e T e it 133

Fe,0,-COOH@UiO-66-NH,@PPL & & M B e ~7 1
HA WA SRR A SO i BRI % R 48, 45
B 18 e O (8% - P AT AT IS ] H R B i 4 AR
(UPLC-Q-TOF-MS/MS) M\ B 47t 1 1) 43 25 5 %
B 8 4~ PPL ki

XF b bR B LR ik, 5 RO i I AR
FHEE G TR ST BT R AR IR | Vel Ao B S5 454
AR, ST S BRI, fRT L T A
o B2, W R TR R AR, Qiu Y A
ZIF-90 AN 255 -1 % W5 11 18 (o-GLU) I 44 L [
EEAT R g gs b, 5 HPLC L 60T ST FE 4,
ST T PR R 25 PR U Y o-GLU i 7
FIFELR T 1E R 45 [ W S(b) iR 1 i ARG L
2y, SR R FEHERATERTILARL 7
SRR B, LR R 45 H O AN TG R 53, Mt 2
HRIH I e T SRR ARy TR AT Bk ek
JI L B0 A D R R A B R, BF AR N B 2R
HAT BRI RGN N | Z5HFRE . 5 THAE R wEE
MOFs &7 7E Rk R 40 52 3] Fe,0,@DOTA-ZIF-
67 [ R R (5 &, Wu % ) Fe,0,@ZIF-
67 MK, Hil#5 T — R 1k o-GLU B AP %
N7, K S HPLC MI45 &, M T ) S m s
WETETEER TR E RS X R G e T Bk B0 R h
AR RHI, R KB & T 40 BT, I s A FH
BRAT I BE H TR @-GLU il 551).
2.3 fRELREE

i PG IR EE A T Ao B (U F a3,
PN AT LS A% L) | Ak 2 A
S| BT e S NS P L P e o A Y
FAR, BA 5 00 e 2Pk A0 2 SR, 7 B o 551 0
TR TN TS Ty LR i B AR N T R
TR 8 2 R s T S A ). A, A
T MOFs [ 7 Tl 1) 1 18R W o WL AR L (A ek
PR A 2RI

Ll 01 B AR B b 2 B 7 2ot 8 v 73 £ 1) A5
K HhRf G4, LR 5 T | (i
T2 2 vz S vER. Zhong 25 3 i3 A5 AT
(GAA) . #i% W8 L HE (GOx) . Cu® Fl 4, 4"-BEnk g
HZH3E, Hil%& 7 BA m e YR ERIE 24 {6 i -MOFs
F2 0 28 (GAA@GOXx@Cu-MOF ), H: il 7% M 45 3% 25

RERZR 15N T 2 4.58 A%, FIH] Cu-MOF HIMEILIERE,

Fyg T I T HE-MOFs 525 A8 L (AL Jfads, nl s

PR v R R O e ST R R AT A W ) GAA S5
[ W& 6(a) Fi7R 1. deAh, ZIFE AR H 1r0,/MnO,
YR ARG AL TS T, 457 GAA@Cu-MOF
5 AR IR, JF & T 55 —Fhifi e GAA 0 5
5 [ AnTEl 6(b) B 1™ 3y v A ko e T it
AL AT e AR P VB A T, R T TR R
SRR, STPRT T UA IR A BnTR HE F AR AG:  BR F
SR I R , ) DS R B AT AE 0 vh i 22 1
TER GAA 5.

F b2 £ TR R S =2 ARG [ A 43 BT 40 R F AR
[ 22 A U TR 22 ) Ak 27 B g 7= A i LA
AL, HE S AR S BAR Ik B
5%, RIL AT BRI 5 250 H™. Chen 267 58
i Au/Cu-MOFs #9% T —FfG ] DNA H SLEL A5 fily
(DNA MTase ) {i P4 (14 HL Ak 2% LI ASOBLIE 19 114 A=
Yy 4%, Au/Cu-MOFs 1 Ay [ 5 % Ak Bl A Ak FEEb
IK it A R A ) AR, HLAT S I A JE v R
SR EE T, $2 0 THAERCR, BOR T ks
BRSO G A5 5. 3 a5 S O SR mg, By T
HLA & A 0 R YL S, T DNA MTase
WM, 7 BRI BR Y 0.001 U/mL, 281 15 Bl N
0.002~12 U/mL. ItAb, %075 BA RAFR R,
T XS] 7 A /L T AR BE Pt S, R 0 a5
i L.

3 BREERE

MOFs 1E R 243 AR RS T [ AL A
ISP L R M AT E A2 A . BT MOFs [#] &
A T ) A1 1 ) 7 B R 6 AT Ak T AR G i b AR
TRR, S T B RCR ER R TR, 2 TG
I 0) A v R . SR T, 2 Y i) ) 7 e o R v
5 Ko TAET B, an: (1) MOFs ‘342 Rl |
FLB /NER R, B SR T K2 R, et
PG b7 FLRRAIG, (HAS TG 7 AN RS 2 & ™. (2)
55 MOFs B8 U1 AH ELAE FBLHI 8 A 52 4 BB (3)
30 AR T A4 5 T 9 O B A0+ R e DI o 4 HEBR
8BRS SR. (4)B-MOFs & & A RHE s bt T4
g SIS AR R, R R R B T AR, AT LA
FINGIERR | 48 B 55 B By R k1 ik
=68 w2 ) R P A T f il S B A A 42, 5
I I R E A A L2 2 MOFs AR 1K
F I RURIFLAR, B IR 1, #1435 T MOFs



134 ST AR AR 500 %

_______________________ e —————————— —————————
(a) m 3 \‘ - v )
. 2
y \ : -
- 2 | . i

1
]
]
] ]
: :
i + + Cu & i
I Y 4 i
i A %, 7 LU i
[ i S N e GAA@GOX@Cu-MOF )
1
| maltose glucose gluconic acid ¥ compound 10:R=+ @ (0] .
RN / 1C4=0.29:0.03 umol/L ;
1 1
; F » (( compound 15:R= 1’{_} '
! GOx gﬂ H,0, 1C,=1.0520.14 pmol/ L1}
I i
- oxTMB ' [12 compound 16:R="2¢_3CIl}
! i [ 1C5,=0.66+0.09 pmol/L i
- ' & -~ - !
i inhibitor NO H,0, ’I.. o 3/2‘_ compound 26:R=2 ’_}*C|| H
. b . 1C5,=0.80+0.07 umol/L N7
o T ~
] N
1
1
Cu?* + + H
. H
GAA
N
1 v
inhibitor No AA TMB
~— ~__ 7 "\ [0 v [T
- oy % | 1C4=0.35-0.04 umol/L Lo 0 1c,=0.70£0.09 pmol/L.
I v N F) '
I GAA@Cu-MOF _:\Z-__ ¥ R ‘ i
1 ¥ e = \ '1’ 3 i :
AAG AA oxTMB / _Cl Og /4 R=| Cl !
& 1 : N . -
d R=1 oleanolic acid N [
1C5,=0.73+0.07 umol/L!
GAA: o-glucosldase AA: ascorbic acid 4 ) o § { L !
%, AAG: L-ascorblcacld-2-O-a-D-glucopyr mm\l ” C50=0.94+0.14 pmol/I analogues ‘;'
\ ______________ D D -5 D G5 D S5 €5 6 £ 65 £ 6 65 5 S5 65 G5 S 4545 S 6 6 S S5 6 4 I 6545 S 4 G5 G5 G5 45 6 -

B 6 (a) BEFWINgEZALEGHEE L MOFs |k R 28R LL & RS & RERE(TMB, 3, 3', 5, 5'-Tetramethylbenzidine
dihydrochloride) , (b) #F GAA@Cu-MOF #1 IrO,/MnO, 44K & & # KL GAA I FI ik REarEE"Y
Fig. 6 (a) Schematic illustration of colorimetric sensing platform based on hybrid enzyme-catalytic MOF reactor'*(TMB,
3, 3", 5, 5'-Tetramethylbenzidine dihydrochloride), (b) schematic illustration of sensing platform for GAA inhibitor screening
based on GAA@Cu-MOF and IrO,/MnO, nanocomposite"”

1 [ 52 A i T P . ) H - [ SRR D RS L A% chemistry[J]. ChemSusChem, 2022, 15 (9):
i F T TR A ROR | ORI R A BT 3 €202102709.

5 RS 301455 2 b 2 i 465 I 17 3 R 95 BEFE. MOFs [ 2 ] Copeland R A, Harpel M R, Tummino P J. Targeting

. N Ny o enzyme inhibitors in drug discovery[J]. Expert Opin-
RO % 53, 92 0 X 7 72 5
ORI (L A2 ) A, SO 5 R 0 ion on Therapeutic Targets, 2007, 11 (7): 967-978.

e, FRREHCAR DL K5 R -MOFs & £ bR 6 [ 3] LiuLL,ShiSY, Chen X Q, et al. Analysis of tyros-

TR RSN AR R R BOR | SR SR inase binders from Glycyrrhiza uralensis root: evaluation
12 BT 45 1 BE B v R U I T BR AR 45 B 3R and comparison of tyrosinase immobilized magnetic
B RS R 45 2R, B8 1 J7 1k AR TR AR R T S fishing-HPLC and reverse ultrafiltration-HPLC[J].
SEEAT RN g*ﬁéiﬂ‘ G IS G AT R E B Journal of Chromatography B, Analytical Technolo-
I AR E (S B, BTG Sy, TR R b (% gies in the Biomedical and Life Sciences, 2013, 932 :

19-25.
[ 4] CardosoCL,deMoraes M C, Cass Q B. Imobilizagao

de enzimas em suportes cromatograficos: uma ferra-

JAS L e R S P A g RO PR 5 1, A S ELn H
2 B HUH) A5 52 2 il 8RS O 8 157 T, k2 2 2

k. menta na busca por substincias bioativas[J]. Quimica
52T B Nova, 2009, 32 (1): 175-187.

[ 5] LiYM, Yuan J, Ren H, et al. Fine-tuning the micro-
[ 1] Alcantara A R, Dominguez de Maria P, Littlechild J A, environment to optimize the catalytic activity of

et al. Biocatalysis as key to sustainable industrial enzymes immobilized in multivariate metal-organic


https://doi.org/10.1517/14728222.11.7.967
https://doi.org/10.1517/14728222.11.7.967
https://doi.org/10.1517/14728222.11.7.967
https://doi.org/10.1016/j.jchromb.2013.06.002
https://doi.org/10.1016/j.jchromb.2013.06.002
https://doi.org/10.1016/j.jchromb.2013.06.002

%52 3]

WA, S ST G R A HUREZR AR B E LSRN S 25 W e T e it

135

[ 6]

(7]

[ 8]

[9]

[ 10 ]

[11]

[12]

[ 13 ]

[ 14 ]

[15]

[ 16 ]

frameworks[J]. Journal of the American Chemical So-
ciety, 2021, 143 (37): 15378-15390.

Schmid A, Dordick J S, Hauer B, et al. Industrial
biocatalysis today and tomorrow [J]. Nature, 2001, 409
(6817):258-268.

Wu J, Wang X Y, Wang Q, et al. Nanomaterials with
enzyme-like characteristics (nanozymes): next-genera-
tion artificial enzymes (I)[J]. Chemical Society Re-
views, 2019, 48 (4): 1004-1076.

Wang Q Q, Wei H, Zhang Z Q, et al. Nanozyme: an
emerging alternative to natural enzyme for biosensing
and immunoassay[J]. TrAC Trends in Analytical
Chemistry, 2018, 105 : 218-224.

Nadar S S, Vaidya L, Rathod V K. Enzyme embedded
metal organic framework (enzyme-MOF): De novo
approaches for immobilization[J]. International Journ-
al of Biological Macromolecules, 2020, 149 : 861-876.
AR, BRI, oK, 55, B RAERLHE S0
BHE R G2 Ak rh g T LT0. BEAR S 36 -1k 25 0
Mt , 2022, 58(5): 612-620. [LI Honggiang, WANG
Hongbo, XI Bin, et al. Application of metal-organic
framework materials and their composites in food
safety detection[J]. Physical Testing and Chemical
Analysis Part B (Chemical Analysis), 2022, 58 (5):
612-620.]

Drout R J, Robison L, Farha O K. Catalytic applica-
tions of enzymes encapsulated in metal-organic frame-
works[J]. Coordination Chemistry Reviews, 2019,
381 : 151-160.

Lian X Z, Fang Y, Joseph E, et al. Enzyme-MOF
(metal-organic framework) composites[J]. Chemical
Society Reviews, 2017, 46 (11): 3386-3401.

Feng Y M, Xu Y, Liu S C, et al. Recent advances in
enzyme immobilization based on novel porous frame-
work materials and its applications in biosensing[J].
Coordination Chemistry Reviews, 2022, 459 : 214414.
Ye N R, Kou X X, Shen J, et al. Metal-organic frame-
works: a new platform for enzyme immobilization [J].
ChemBioChem, 2020, 21 (18): 2585-2590.

ZhuY T,Ren X Y, Liu Y M, et al. Covalent immobili-
zation of porcine pancreatic lipase on carboxyl-activ-
ated magnetic nanoparticles: characterization and
application for enzymatic inhibition assays[J]. Materi-
als Science and Engineering:C, 2014, 38 : 278-285.
Sahutoglu A S, Akgul C. Immobilisation of Aspergillus
oryzae a-amylase and Aspergillus niger glucoamylase

enzymes as cross-linked enzyme aggregates[J].

[ 17 ]

[ 18]

[ 19 ]

[ 20 ]

[21]

[22]

[23]

[ 24 ]

[25]

[ 26 ]

Chemical Papers, 2015, 69 (3): 433-439.

Junior J C Q, Ferrarezi A L, Borges J P, et al. Hydro-
phobic adsorption in ionic medium improves the cata-
lytic properties of lipases applied in the triacylglycerol
hydrolysis by synergism[J]. Bioprocess and Biosys-
tems Engineering, 2016, 39 (12): 1933-1943.

Zdarta J, Meyer A, Jesionowski T, et al. A general
overview of support materials for enzyme immobiliza-
tion: characteristics, properties, practical utility[J].
Catalysts, 2018, 8 (2): 92.

Tudisco C, Zolubas G, Seoane B, et al. Covalent
immobilization of glucose oxidase on amino MOFs via
post-synthetic modification[J]. RSC Advances, 2016,
6 (109): 108051-108055.

Wu X R, Qiu B B, Chen Y N, et al. Online coupling
Fe;0,@ZIF-67@a-glucosidase biomicroreactor with
high performance liquid chromatography for rapid
screening of @-glucosidase inhibitors in tea and their
inhibitory activity research[J]. Journal of Chromato-
graphy B, 2020, 1159 : 122398.

Cao Y, Wu Z F, Wang T, et al. Immobilization of
Bacillus subtilis lipase on a Cu-BTC based hierarchic-
ally porous metal-organic framework material: a
biocatalyst for esterification[J]. Dalton Transactions,
2016, 45 (16): 6998-7003.

Qiao M, Ji Y, Linhardt R J, et al. Fabricating bimetal
organic material capsules with a commodious micro-
environment and synergistic effect for glycosyltrans-
ferase[J]. ACS Applied Materials & Interfaces, 2022,
14 (22): 26034-26043.

Shih Y H, Lo S H, Yang N S, et al. Trypsin-immobi-
lized metal-organic framework as a biocatalyst in pro-
teomics analysis[J]. ChemPlusChem, 2012, 77 (11):
982-986.

Suo H B, Geng H N, Zhang L, et al. Covalent immobili-
zation of lipase on an ionic liquid-functionalized mag-
netic Cu-based metal-organic framework with boosted
catalytic performance in flavor ester synthesis[J].
Journal of Materials Chemistry B, 2023, 11 (6): 1302-
1311.

XuJ F, Cao P K, Fan Z Y, et al. Rapid screening of
lipase inhibitors in scutellaria baicalensis by using por-
cine pancreatic lipase immobilized on magnetic core-
shell metal-organic frameworks[J]. Molecules, 2022,
27 (11): 3475.

Liu X, Qi W, Wang Y F, et al. A facile strategy for

enzyme immobilization with highly stable hierarchically


https://doi.org/10.1021/jacs.1c07107
https://doi.org/10.1021/jacs.1c07107
https://doi.org/10.1021/jacs.1c07107
https://doi.org/10.1038/35051736
https://doi.org/10.1039/C8CS00457A
https://doi.org/10.1039/C8CS00457A
https://doi.org/10.1039/C8CS00457A
https://doi.org/10.1016/j.trac.2018.05.012
https://doi.org/10.1016/j.trac.2018.05.012
https://doi.org/10.1016/j.ijbiomac.2020.01.240
https://doi.org/10.1016/j.ijbiomac.2020.01.240
https://doi.org/10.1016/j.ijbiomac.2020.01.240
https://doi.org/10.1016/j.ccr.2018.11.009
https://doi.org/10.1039/C7CS00058H
https://doi.org/10.1039/C7CS00058H
https://doi.org/10.1016/j.ccr.2022.214414
https://doi.org/10.1002/cbic.202000095
https://doi.org/10.1016/j.msec.2014.02.011
https://doi.org/10.1016/j.msec.2014.02.011
https://doi.org/10.1007/s00449-016-1667-9
https://doi.org/10.1007/s00449-016-1667-9
https://doi.org/10.1007/s00449-016-1667-9
https://doi.org/10.3390/catal8020092
https://doi.org/10.1039/C6RA19976C
https://doi.org/10.1016/j.jchromb.2020.122398
https://doi.org/10.1016/j.jchromb.2020.122398
https://doi.org/10.1016/j.jchromb.2020.122398
https://doi.org/10.1039/C6DT00677A
https://doi.org/10.1002/cplu.201200186
https://doi.org/10.1039/D2TB02246J
https://doi.org/10.3390/molecules27113475

136 BT AR S AL 5529 %
porous metal-organic frameworks[J]. Nanoscale, 2017, screening [J]. Journal of Pharmaceutical and Biomed-
9 (44): 17561-17570. ical Analysis, 2021, 204 : 114286.

[27 ] LiuR, Yi GY, Ji B A, et al. Metal-organic frame- [ 37 ] Liu D M, Chen J, Shi Y P. Tyrosinase immobilization
works-based immobilized enzyme microreactors integ- on aminated magnetic nanoparticles by physical
rated with capillary electrochromatography for high- adsorption combined with covalent crosslinking with
efficiency enzyme assay[J]. Analytical Chemistry, improved catalytic activity, reusability and storage sta-
2022, 94 (17): 6540-6547. bility [J]. Analytica Chimica Acta, 2018, 1006 : 90-98.

[ 28 ] Wang L, Zhi W J, Wan J, et al. Recyclable S-glucosi- [ 38 ] Jiang J B, Yu Y J, Wang L P, et al. Enzyme immobi-
dase by one-pot encapsulation with Cu-MOFs for en- lized on polyamidoamine-coated magnetic micro-
hanced hydrolysis of cellulose to glucose[J]. ACS spheres for a-glucosidase inhibitors screening from
Sustainable Chemistry & Engineering, 2019, 7 (3): Radix Paeconiae Rubra extracts accompanied with mo-
3339-3348. lecular modeling[J]. Talanta, 2019, 195 : 127-136.

[ 29 ] LiuC, Zhang X Y, Zhou Y, et al. A reusable and leak- [ 39 ] Liu DM, Chen J, Shi Y P. Advances on methods and
age-proof immobilized laccase@UiO-66-NH,(30) for easy separated support materials for enzymes immobi-
the efficient biodegradation of rifampicin and lincomy- lization[J]. TrAC Trends in Analytical Chemistry,
cin[J]. Biochemical Engineering Journal, 2023, 194 : 2018, 102 : 332-342.

108897. [ 40 ] Gascon V, Jiménez M B, Blanco R M, et al. Semi-

[ 30 ] Song J Y, He W T, Shen H, et al. Construction of crystalline Fe-BTC MOF material as an efficient sup-
multiple enzyme metal-organic frameworks bio- port for enzyme immobilization[J]. Catalysis Today,
catalyst via DNA scaffold: a promising strategy for 2018, 304 : 119-126.
enzyme encapsulation[J]. Chemical Engineering [ 41 ] Gkaniatsou E, Sicard C, Ricoux R, et al. Metal-organic
Journal, 2019, 363 : 174-182. frameworks: a novel host platform for enzymatic cata-

[ 31 ] Singh O, Lee P Y, Matysiak S, et al. Dual mechanism lysis and detection [J]. Materials Horizons, 2017, 4
of ionic liquid-induced protein unfolding[J]. Physical (1):55-63.

Chemistry Chemical Physics, 2020, 22 (35): 19779- [ 42 ] Asadi V, Kardanpour R, Tangestaninejad S, et al.
19786. Novel bovine carbonic anhydrase encapsulated in a

[ 32 ] Akkas T, Zakharyuta A, Taralp A, et al. Cross-linked metal-organic framework: a new platform for biomi-
enzyme lyophilisates (CLELSs) of urease: a new method metic sequestration of CO,[J]. RSC Advances, 2019, 9
to immobilize ureases[J]. Enzyme and Microbial (49): 28460-28469.

Technology, 2020, 132 : 109390. [ 43 ] Ghasemi S, Yousefi M, Nikseresht A, et al. Covalent

[ 33 ] Imam H T, Marr P C, Marr A C. Enzyme entrapment, binding and in situ immobilization of lipases on a flex-
biocatalyst immobilization without covalent attach- ible nanoporous material[J]. Process Biochemistry,
ment[J]. Green Chemistry, 2021, 23 (14): 4980-5005. 2021, 102 : 92-101.

[ 34 ] JFEWr. T 4EB VLS 28608 04 B 2 4 gk [ 44 ] Kempahanumakkagari S, Kumar V, Samaddar P, et al.
F R4 H R A D). dE st b4k TR 2, 2022. Biomolecule-embedded metal-organic frameworks as
[ZHOU Zixin. Fabrication and analytical application an innovative sensing platform[J]. Biotechnology Ad-
of immobilized enzymes based on metal-organic vances, 2018, 36 (2): 467-481.
frameworks[D]. Beijing University of Chemical [ 45 ] PanY X,LiQB, LiH, et al. A general Ca-MOM plat-
Technology, 2022.] form with enhanced acid-base stability for enzyme

[ 35 ] CuilD,RenS Z, Sun B T, et al. Optimization proto- biocatalysis [J]. Chem Catalysis, 2021, 1 (1): 146-161.
cols and improved strategies for metal-organic frame- [ 46 ] Zhang Y, Ma S Q. Controllable immobilization of en-
works for immobilizing enzymes: current develop- zymes in metal-organic frameworks for
ment and future challenges[J]. Coordination Chem- biocatalysis[J]. Chem Catalysis, 2021, 1 (1): 20-22.
istry Reviews, 2018, 370 : 22-41. [ 47 ] Gascoén V, Carucci C, Jiménez M B, et al. Rapid in situ

[ 36 ] Trindade Ximenes I A, de Oliveira P C O, Weger- immobilization of enzymes in metal-organic frame-

mann C A, et al. Magnetic particles for enzyme im-

mobilization: a versatile support for ligand

work supports under mild conditions[J]. ChemCat-
Chem, 2017, 9 (7): 1182-1186.


https://doi.org/10.1039/C7NR06019J
https://doi.org/10.1021/acs.analchem.1c05586
https://doi.org/10.1016/j.bej.2023.108897
https://doi.org/10.1016/j.cej.2019.01.138
https://doi.org/10.1016/j.cej.2019.01.138
https://doi.org/10.1039/D0CP03138K
https://doi.org/10.1039/D0CP03138K
https://doi.org/10.1016/j.enzmictec.2019.109390
https://doi.org/10.1016/j.enzmictec.2019.109390
https://doi.org/10.1039/D1GC01852C
https://doi.org/10.1016/j.ccr.2018.05.004
https://doi.org/10.1016/j.ccr.2018.05.004
https://doi.org/10.1016/j.ccr.2018.05.004
https://doi.org/10.1016/j.jpba.2021.114286
https://doi.org/10.1016/j.jpba.2021.114286
https://doi.org/10.1016/j.jpba.2021.114286
https://doi.org/10.1016/j.aca.2017.12.022
https://doi.org/10.1016/j.talanta.2018.11.009
https://doi.org/10.1016/j.trac.2018.03.011
https://doi.org/10.1016/j.cattod.2017.10.022
https://doi.org/10.1039/C6MH00312E
https://doi.org/10.1039/C9RA04603H
https://doi.org/10.1016/j.procbio.2020.12.013
https://doi.org/10.1016/j.biotechadv.2018.01.014
https://doi.org/10.1016/j.biotechadv.2018.01.014
https://doi.org/10.1016/j.biotechadv.2018.01.014
https://doi.org/10.1016/j.checat.2021.03.001
https://doi.org/10.1016/j.checat.2021.04.010
https://doi.org/10.1002/cctc.201601342
https://doi.org/10.1002/cctc.201601342

%2 M WA, & TR HUELARI B E TR B 245 P iR de A o ik e 137
[ 48 ] Gascon V, Castro-Miguel E, Diaz-Garcia M, et al. In for the nondestructive encapsulation of biomacro-

[ 49 ]

[ 50 ]

[51]

[ 52 ]

[ 53]

[ 54 ]

[ 55]

[ 56 ]

[ 57 ]

[ 58 ]

situ and post-synthesis immobilization of enzymes on
nanocrystalline MOF platforms to yield active biocata-
lysts[J]. Journal of Chemical Technology & Biotech-
nology, 2017, 92 (10): 2583-2593.

Chen G S, Huang S M, Kou X X, et al. Embedding
functional biomacromolecules within peptide-directed
metal-organic framework (MOF) nanoarchitectures en-
ables activity enhancement[J]. Angewandte Chemie
International Edition, 2020, 59 (33): 13947-13954.
Chen Y J, Jiménez—Angeles F, Qiao B F, et al. In-
sights into the enhanced catalytic activity of cyto-
chrome ¢ when encapsulated in a metal-organic frame-
work[J]. Journal of the American Chemical Society,
2020, 142 (43): 18576-18582.

Navarro-Sanchez J, Almora-Barrios N, Lerma-
Berlanga B, et al. Translocation of enzymes into a
mesoporous MOF for enhanced catalytic activity un-
der extreme conditions[J]. Chemical Science, 2019,
10 (14): 4082-4088.

Chen W H, Vazquez-Gonzdlez M, Zoabi A, et al.
Biocatalytic cascades driven by enzymes encapsulated
in metal-organic framework nanoparticles[J]. Nature
Catalysis, 2018, 1 (9): 689-695.

Liang J Y, Liang K. Biocatalytic metal-organic frame-
works:  prospects
matrices [J]. Advanced Functional Materials, 2020, 30
(27):2001648.

Liao F S, Lo W S, Hsu Y S, et al. Shielding against un-

folding by embedding enzymes in metal-organic

beyond bioprotective porous

frameworks via a de novo approach[J]. Journal of the
American Chemical Society, 2017, 139 (19): 6530-
6533.

Liang W B, Xu H S, Carraro F, et al. Enhanced activ-
ity of enzymes encapsulated in hydrophilic metal-
organic frameworks[J]. Journal of the American
Chemical Society, 2019, 141 (6): 2348-2355.

Yang X G, Zhang J R, Tian X K, et al. Enhanced
activity of enzyme immobilized on hydrophobic ZIF-8
modified by Ni’" ions[J]. Angewandte Chemie Inter-
national Edition, 2023, 62 (7): €202216699.

Jing Y Q, LiJ X, Zhang X W, et al. Catalase-integ-
rated metal-organic framework with synergetic catalyt-
ic activity for colorimetric sensing[J]. Environmental
Research, 2022, 207 : 112147.

Chen G S, Huang S M, Kou X X, et al. A convenient

and versatile amino-acid-boosted biomimetic strategy

[59 ]

[ 60 ]

[ 61 ]

[ 62 ]

[ 63 ]

[ 64 ]

[ 65 ]

[ 66 ]

[ 67 ]

molecules within metal-organic frameworks[J]. Ange-
wandte Chemie International Edition, 2019, 58 (5):
1463-1467.

Maddigan N K, Tarzia A, Huang D M, et al. Protein
surface functionalisation as a general strategy for facil-
itating biomimetic mineralisation of ZIF-8[J]. Chem-
ical Science, 2018, 9 (18): 4217-4223.

Liang W B, Ricco R, Maddigan N K, et al. Control of
structure topology and spatial distribution of biomac-
in Protein@ZIF-8 biocomposites[J].
Chemistry of Materials, 2018, 30 (3): 1069-1077.
Wang S Z, Wang J Y, Yao Y, et al. A mild one-pot

self-assembly approach to encapsulating enzymes into

romolecules

metal-organic framework with Asp-boosted enzymatic
performance for clean production[J]. Journal of
Cleaner Production, 2023, 401 : 136710.

Wan G Z, Ma X H, Jin L, et al. @-glucosidase immob-
ilization on magnetic core-shell metal-organic frame-
works for inhibitor screening from traditional Chinese
medicines[J]. Colloids and Surfaces B: Biointerfaces,
2021,205 : 111847.

Chen X L, Xue S, Lin Y L, et al. Immobilization of
porcine pancreatic lipase onto a metal-organic frame-
work, PPL@MOF: a new platform for efficient ligand
discovery from natural herbs[J]. Analytica Chimica
Acta, 2020, 1099 : 94-102.

Zhong Y Y, Yu L J, He Q Y, et al. Bifunctional hy-
brid enzyme-catalytic metal organic framework react-
ors for a-glucosidase inhibitor screening[J]. ACS Ap-
plied Materials & Interfaces, 2019, 11 (36): 32769-
32777.

Liu J, Ma R, Ha W, et al. An MnO,-ZIF-67 immobil-
ized acetylcholinesterase method for acetylcholin-
esterase activity assay and inhibitor screening from In-
ula macrophylla based on capillary electrophoresis [J].
Talanta, 2023, 253 : 124025.

Qiu B B, Shi Y Q, Yan L Y, et al. Development of an
on-line immobilized a-glucosidase microreactor
coupled to liquid chromatography for screening of a-
glucosidase inhibitors[J]. Journal of Pharmaceutical
and Biomedical Analysis, 2020, 180 : 113047.

Chen Y, Meng X Z, Gu H W, et al. A dual-response
biosensor for electrochemical and glucometer detec-
tion of DNA methyltransferase activity based on func-
tionalized metal-organic framework amplification[J].
Biosensors and Bioelectronics, 2019, 134 : 117-122.


https://doi.org/10.1002/anie.202005529
https://doi.org/10.1002/anie.202005529
https://doi.org/10.1021/jacs.0c07870
https://doi.org/10.1038/s41929-018-0117-2
https://doi.org/10.1038/s41929-018-0117-2
https://doi.org/10.1002/adfm.202001648
https://doi.org/10.1021/jacs.7b01794
https://doi.org/10.1021/jacs.7b01794
https://doi.org/10.1021/jacs.8b10302
https://doi.org/10.1021/jacs.8b10302
https://doi.org/10.1016/j.envres.2021.112147
https://doi.org/10.1016/j.envres.2021.112147
https://doi.org/10.1002/anie.201813060
https://doi.org/10.1002/anie.201813060
https://doi.org/10.1039/C8SC00825F
https://doi.org/10.1039/C8SC00825F
https://doi.org/10.1021/acs.chemmater.7b04977
https://doi.org/10.1016/j.jclepro.2023.136710
https://doi.org/10.1016/j.jclepro.2023.136710
https://doi.org/10.1016/j.colsurfb.2021.111847
https://doi.org/10.1016/j.aca.2019.11.042
https://doi.org/10.1016/j.aca.2019.11.042
https://doi.org/10.1016/j.talanta.2022.124025
https://doi.org/10.1016/j.jpba.2019.113047
https://doi.org/10.1016/j.jpba.2019.113047
https://doi.org/10.1016/j.bios.2019.03.051

138 BT AR S AL 5529 %

[ 68 ] Igbal J, Igbal S, Miiller C E. Advances in immobilized 653-677.
enzyme microbioreactors in capillary electro- [ 78 ] Hou W C, Xia J L, Liu C M, et al. Development of a
phoresis[J]. Analyst, 2013, 138 (11): 3104-3116. method to screen and isolate bioactive constituents

[ 69 ] TangL L, Zhang W P, Zhao H Y, et al. Tyrosinase in- from Stellera chamaejasme by ultrafiltration and li-
hibitor screening in traditional Chinese medicines by quid chromatography combined with semi-preparative
electrophoretically mediated microanalysis[J]. Journ- high-performance liquid chromatography and high-
al of Separation Science, 2015, 38 (16): 2887-2892. speed counter current chromatography[J]. Journal of

[ 70 ] Wu Z Y, Zhang H, Li Q Q, et al. Capillary electro- Separation Science, 2019, 42 (22): 3421-3431.
phoresis-based online immobilized enzyme reactor for [ 79 ] Zhai R, Yuan Y F, Jiao F L, et al. Facile synthesis of
beta-glucosidase kinetics assays and inhibitors screen- magnetic metal organic frameworks for highly effi-
ing[J]. Journal of Chromatography B, 2019, 1110- cient proteolytic digestion used in mass spectrometry-
1111 :67-73. based proteomics[J]. Analytica Chimica Acta, 2017,

[ 71 ] Krylova S M, Okhonin V, Krylov S N. Transverse dif- 994 : 19-28.
fusion of laminar flow profiles-a generic method for [ 80 ] WangF, Liu M X, Niu X K, et al. Dextran-assisted ul-
mixing reactants in capillary microreactor[J]. Journal trasonic exfoliation of two-dimensional metal-organic
of Separation Science, 2009, 32 (5-6): 742-756. frameworks to evaluate acetylcholinesterase activity

[ 72 ] Li X J, Yin Z R, Cui X J, et al. Capillary electro- and inhibitor screening[J]. Analytica Chimica Acta,
phoresis-integrated immobilized enzyme microreactor 2023, 1243 : 340815.
with graphene oxide as support: Immobilization of [ 81 ] Zhao Y, HulJJ, Bai X L, et al. Fast screening of tyros-
negatively charged L-lactate dehydrogenase via hydro- inase inhibitors from traditional Chinese medicinal
phobic interactions[J]. Electrophoresis, 2020, 41 (3- plants by ligand fishing in combination with in situ
4).175-182. fluorescent assay[J]. Analytical and Bioanalytical

[73] Wuzy, Zhang H, Yang Y Y, et al. An online dual- Chemistry, 2022, 414 (6):2265-2273.
enzyme co-immobilized microreactor based on capil- [ 82 ] MulJ, Xu W H, Huang Z Z, et al. Encapsulating cop-
lary electrophoresis for enzyme kinetics assays and per nanoclusters in 3D metal-organic frameworks to
screening of dual-target inhibitors against thrombin boost fluorescence for bio-enzyme sensing, inhibitor
and factor Xa[J]. Journal of Chromatography A, 2020, screening, and light-emitting diode fabrication[J]. Mi-
1619 : 460948. crochemical Journal, 2023, 189 : 108533.

[ 74 ] MaM X, Zhang J, Li P P, et al. Immobilization of cel- [ 83 ] QiSL,Guan H D, Deng G, et al. Rapid, reliable, and
lulase on monolith supported with Zr(IV)-based metal- sensitive detection of adenosine deaminase activity by
organic framework as chiral stationary phase for enan- UHPLC-Q-Orbitrap HRMS and its application to in-
tioseparation of five basic drugs in capillary electro- hibitory activity evaluation of traditional Chinese
chromatography[J]. Microchimica Acta, 2021, 188 medicines[J]. Journal of Pharmaceutical and Biomed-
(6):1-11. ical Analysis, 2018, 153 : 175-181.

[ 75 ] SunYY, ShiJF, Zhang S H, et al. Hierarchically por- [ 84 ] Song WL, Yin WS, Zhang Z H, et al. A DNA func-
ous and water-tolerant metal-organic frameworks for tionalized porphyrinic metal-organic framework as a
enzyme encapsulation[J]. Industrial & Engineering peroxidase mimickingcatalyst for amperometric de-
Chemistry Research, 2019, 58 (28): 12835-12844. termination of the activity of T4 polynucleotide

[ 76 ] Nadar S S, Rathod V K. Magnetic-metal organic kinase[J]. Microchimica Acta, 2019, 186 (3): 149.
framework (magnetic-MOF): a novel platform for en- [ 85 ] Salehabadi H, Khajeh K, Dabirmanesh B, et al. Sur-
zyme immobilization and nanozyme applications[J]. face plasmon resonance based biosensor for discovery
International Journal of Biological Macromolecules, of new matrix metalloproteinase-9 inhibitors[J].
2018, 120 : 2293-2302. Sensors and Actuators B:Chemical, 2018, 263 : 143-

[ 77 ] Nadar S S, Varadan N O, Suresh S, et al. Recent pro- 150.
gress in nanostructured magnetic framework compos- [ 86 ] Zhang X L, Li G L, Wu D, et al. Recent progress in the

ites (MFCs): Synthesis and applications[J]. Journal of
the Taiwan Institute of Chemical Engineers, 2018, 91 :

design fabrication of metal-organic frameworks-based

nanozymes and their applications to sensing and can-


https://doi.org/10.1039/c3an00031a
https://doi.org/10.1002/jssc.201500371
https://doi.org/10.1002/jssc.201500371
https://doi.org/10.1016/j.jchromb.2019.02.002
https://doi.org/10.1002/jssc.200800671
https://doi.org/10.1002/jssc.200800671
https://doi.org/10.1002/elps.201900334
https://doi.org/10.1016/j.chroma.2020.460948
https://doi.org/10.1016/j.ijbiomac.2018.08.126
https://doi.org/10.1016/j.jtice.2018.06.029
https://doi.org/10.1016/j.jtice.2018.06.029
https://doi.org/10.1002/jssc.201900772
https://doi.org/10.1002/jssc.201900772
https://doi.org/10.1016/j.aca.2017.08.048
https://doi.org/10.1016/j.aca.2023.340815
https://doi.org/10.1007/s00216-021-03864-w
https://doi.org/10.1007/s00216-021-03864-w
https://doi.org/10.1016/j.microc.2023.108533
https://doi.org/10.1016/j.microc.2023.108533
https://doi.org/10.1016/j.jpba.2018.02.045
https://doi.org/10.1016/j.jpba.2018.02.045
https://doi.org/10.1016/j.jpba.2018.02.045
https://doi.org/10.1007/s00604-019-3269-0
https://doi.org/10.1016/j.snb.2018.02.073

%52 3]

WA, S ST G R A HUREZR AR B E LSRN S 25 W e T e it

139

[ 87 ]

[ 88 ]

cer therapy[J]. Biosensors and Bioelectronics, 2019,
137 :178-198.

Zhong Y Y, Li Q L, Lu M L, et al. A colorimetric
sensing strategy based on enzyme@metal-organic
framework and oxidase-like IrO,/MnO, nanocompos-
ite for a-glucosidase inhibitor screening[J]. Mi-
crochimica Acta, 2020, 187 (12): 675.

VL2, BUKIE, 4RS00, 55, T8 8 A ML 280 B
Hi 1L “~DNATL B &5 75 70 A7 6 I 450 3 64 17 3t
JE 1], BALKR 3 fl -7 00T, 2022, 58(9): 1109-1116.
[JIANG Lan, HANG Yongzheng, ZOU Lina, et al.
Application progress of electrochemical DNA sensors
based on metal-organic framework materials in analys-
is and detection field[J]. Physical Testing and Chem-

[ 89 ]

[ 90 ]

ical Analysis Part B (Chemical Analysis), 2022, 58
(9):1109-1116.]

Liang J Y, Bin Zulkifli M Y, Yong J, et al. Locking
the ultrasound-induced active conformation of metal-
loenzymes in metal-organic frameworks [J]. Journal of
the American Chemical Society, 2022, 144 (39):
17865-17875.

Bolivar J M, Nidetzky B. On the relationship between
structure and catalytic effectiveness in solid surface-
immobilized enzymes: advances in methodology and
the quest for a single-molecule perspective[J].
Biochimica et Biophysica Acta (BBA) - Proteins and
Proteomics, 2020, 1868 (2): 140333.

B OE DDA DA DO D DE DA DA DA D DL DA DA DA D DE DL DA DA DO D DL DA DA DA DE DL DA DA DA D DL DL DA DA D D DL DA DA DA DOE DL DA DA D

IFIRIT ] 2023 5 ( TR AR SR

PUES O

TS BT R SR ) A Bl ]
SRR SE AR PSS T OR
TR AT I AR B 5 877 1%
PRI A AR BT iR 5 T D g

Bt A R A - BT 2

THEIT B E NN ATE RAT I iR AR 5 )28, T

ISSN 1006 - 3757

22 2 R R 54-90,
CN62-1123/06" A AR : 54-90, E

Hr: 15 JT/F, 4EE A 60 J6. B IE 5 (O Frilial 52 R 5405 ) g Tk R, Bk R HLIE: 0931-4968280,
E-mail: fxcs@licp.cas.cn, Wik http://www.fxcsjsyyq.net, Bc & A BLONEE, Huhik: Hi A 2 M KK 18 =,
rh E RN BE 22 N A Y BRI T


https://doi.org/10.1016/j.bios.2019.04.061
https://doi.org/10.1007/s00604-020-04660-6
https://doi.org/10.1007/s00604-020-04660-6
https://doi.org/10.1021/jacs.2c06471
https://doi.org/10.1021/jacs.2c06471
https://doi.org/10.1016/j.bbapap.2019.140333
https://doi.org/10.1016/j.bbapap.2019.140333
http://www.fxcsjsyyq.net

	1 MOFs酶固定化
	1.1 化学方法
	1.2 物理方法
	1.2.1 表面吸附法
	1.2.2 原位包埋法

	1.3 其他方法

	2 抑制剂筛选应用
	2.1 毛细管电泳
	2.2 液相色谱法
	2.3 传感策略

	3 总结与展望
	参考文献

