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Table 1 Part of COFs reported for immobilized enzyme application
Pore size
COFs ; Enzyme Method Application Ref.
nm
hysical hydrolysis of BAPAN to p-
COF-DhaTab 3.7 trypsin P . ey . . P 27]
adsorption nitroaniline
) physical kinetic resolution of /-
COF-OMe 33 lipase PS ) [28]
adsorption phenylethanol
COF-ETTA- . physical ) .
3.98,1.42 lipase PS chiral separation, t ester exchange[29]
EDDA adsorption
. physical . . .
COF-BTDH pectinase ) hydrolysis of ginsenosides ~ [30]
adsorption
) physical ) )
COF1 acetylcholinesterase (AChE) ) electrochemical sensing [31]
adsorption
physical )
TPMM COFs 1.6 a-amylase ) starch hydrolysis [32]
adsorption
. physical o
COF@GOx&CAT glucose oxidase (GOx), catalase (CAT) . inhibition of tumor cells [33]
adsorption
physical ) )
COF-DhaTab AChE ) detection of malathion [34]
adsorption
MG@TpPa-1 trypsin covalent linkage proteolysis [35]
COF 1 3.7 biomolecules covalent linkage chiral separation [36]
PPF-2 1.1 lipase CALB covalent linkage enzymatic esterification [37]
H-COF-OMe 3.36 laccase covalent linkage tetracycline degradation [38]
Fe;0,@COF HRP covalent linkage electrochemical sensing [39]
SNW-1 cellulase covalent linkage chiral separation [40]

microperoxidase-11 (MP-11) and glucose

ratiometric electrochemical

COFETTA-TPAL 3.06,0.87 oxidase (GOD) covalent linkage biosensing [41]
TatDha-COF 3.2 trypsin covalent linkage proteolysis [42]
ZPF-2@COF-

B 1.9 GOx, catalase (CAT) entrapment cascade reactions [43]
ZIF-90@COF HRP entrapment  detection of SARS-CoV-2 RNA [44]
ZPF-1@COF GOx, Cytc entrapment glucose detection [45]

COF-LZU1 trypsin entrapment electrochemical sensing [46]
TAPB-DMTA
COF GOx, horseradish peroxidase (HRP) entrapment cascade reaction [47]
Tp-Pa,Tp-TAPB  1.8,3.2 GOx entrapment antibacterial performance  [48]
DhaTph 2.0 lipase entrapment enzymatic esterification [49]
COF-MCs-SH lipase CALB entrapment enzymatic esterification [50]
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Table 2 Kinetic parameters of trypsin, and trypsin immobilized in COF-DhaTab

on ) }/_(_F >=NH2 © HZ:>H=§’H2 e

-1

Materials Enzyme loading /(umol-g™)  [E]/(mol'L™") Vi / (mol'L" s K, /(mmol-L™") Ko /(s
Trypsin - 2.14x 10" 2.47%x107 1.20 115
Trypsin loaded COF 15.5 1.70 x 10 9.70 x 10 0.43 0.57
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#1149 COF-ONa., COF-OH #EATXf b, A& BRiFi /K L
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Table 3 Structural parameters, solid loading, and dynamic kinetic resolution of 1-phenylethanol of six immobilized enzyme materials

Materials Specific surface area Pore volume Loading capacity Conversion Enantiomeric excess
) J(em™g ) /(mg-mg ") 1% /%
Lipase@COF-OMe 784 0.59 0.89 49,0.5h >99.5
Lipase@COF-OH 756 0.75 0.75 29,0.5h >99.5
Lipase@COF-ONa 854 0.60 0.59 13,0.5h >99.5
Lipase@COF-V 455 0.31 0.78 49,0.5h >99.5
Lipase@MCM-41 712 0.66 0.35 9,15h >99.5
Lipase@PCN-128y 1295 0.89 0.64 14,15h >99.5

2019 4F, ThJ: i AT A i 5 8% COFs (LB
45K, A R T 4322 L COFs(COF-ETTA-EDDA) ##
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F= Wyt 8. FERGAE M BE S 1 2247 53 h, 43 )= XL
COFs 7£ 80 min nJ#%{k 50%, #ifL COFs 7% 100 min,
1M U B5H 15 h #% 4k % {X 15%, 3iF B COF-ETTA-
EDDA A 55 8% 048 AL 5B 1 R0 IS 9 B8 47 1) 5
1. 353 SGE AL = BRI H R -5 R 5 R TR Y
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SRR i), ] s 348 5 T T A 3 ) 7 0 AR A P 7 1Y)
SIS WA

2020 4E, Sahu 25°% 3l i3t 45 4 2 1 4 TPMM
COFs, ¥ a-JE H) M8 13 4 PR B 125 [ 5 78 TPMM
COFs ™, il #& 1 —F T V& ¥y 3 ik (1) voi 550 A= W e
PR, a-TE B 1 04 [ 48 5 20 4 550 mgeg ', [ 5E I
TPMM COFs F Ht 2 i BN 13529 m™ g i /b %]
99 m>g . tH T TPMM COF kAR 4 e, 52
BT a-amylase A Hb U7 5 B 2 B0 H B g 104 AR E 1
G M, 78 10 WG SRR T 74% 194

BV, TERES) 125 h, WE LR K, (AR TS
fif, & PH [ AL 9 S5 A B . (2 4)
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Table 4 Kinetic parameters for free and immobilize a-amylase

Km Vmax
Materials 4 .
/(mg-mL ") /(mg-min ')
Free a-amylase 16.98 2.82
Immobilized a-amylase 7.10 1.36
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BAE 5 IG5, LT AR,
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NG D, 159 2[5 2 L CALB@PPF-2-CHO; %
I AT BEAE R 2 R 2e4 i 42 PPF-2-NH, FIR
JIfi if§, 7531 CALB@PPF-2-NH,; 2% 14 3 0% {145
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% 5 COF 1, Lysozymec COF 1 i =B L TR AK BB E MK E HInE S RS R
Table 5 Results for chitosan hydrolysis and Micrococcus lysodeikticus cell wall decomposition catalyzed by COF 1,

LysozymecCOF 1, and free lysozyme

Rate for micrococcus Conversion for

Rate for chitosan Conversion for

Materials IR ) lysodeikticus cell micrococcus
/(ug'mL -min ) chitosan / % I o
/(mg'mL s ) lysodeikticus cell / %
COF 1 0.0 0.0 0.0 0.0
Lysozyme COF 1 1.4 37.2 9.7x10" 76.0
Free lysozyme 1.5 41.0 1.1x10° 80.7

W25 LI R A SN, P P2 B L T 8 1l B e i AL
e (G5 6). PAREMERIE A . A8 BT

] DLSE B A e Ak, (H AN B AN B0 [ E AL
HAT B AL TE 1 | RS 1R A A2 fel .

% 6 CAL-B@PPF-2 FifF B ExtimBREE 1k I Sz L 1t B
Table 6 Catalytic performance of CAL-B@PPF-2 and free enzyme on oleic acid esterification reaction

Biocat.

Q\A/VA\A/\H/OH

Ci\//\/\\/WOCZH;

n-heptane
0 200 r'min',1 h o
) Enzyme loading Immobilization efficiency Initial rate Specific activity
Materials - -l -1
/(mg-g ) /% /(mmol-L "-min ) /(U-mg )

Free enzyme - - 6.7 223
CAL-B@PPF-2 3.1 70 1.8 58.1
CAL-B@PPF-2-CHO 1.2 27 34 283.3
CAL-B@PPF-2-NH, 3.9 88 4.6 117.9

2021 4, Tang 25" H] TAPB I DMTP i i %
T4 W 46 H-COF-OMe & &A1 KE, A% /Ny
B IBE 50 JL 0 1 538 il (Laccase) 3875 Lac@H-COF-
OMe, [E# A 67 mg-g ', ¥ VPR 2 (4 B A % 25 35
99%, i 10 K5 FE M 25 A 91%. 2022 4F,
Wang %5 il % — R A% 2 45 M B RE T Fe;0,@COF
WA}, 3 i N AN AR L E AL (HRP),
il £ —Fh Fe;,0,@COF@HRP 4= 1% s, T4
X . 2% AR SRR LA R R 3 BT
fE 77, K I 78 Bl & 0.5~300 mmol-L ™', LOD 3} 0.12
umol-L", I WL ISE I F 1 S 7K A K SR K o 26—
T ARG, ELAE R A [ 3.
2.3 A8

P R AL Bl L iR TR A L R s R
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B RS 25K, ASZZ o RN BRI, R 2
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A2, COFs A UMKk eT 2, H ik H H

1A 7 1 il s 11 o AT LA DRI
2.3.1 AR
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P A A, YRR SR COFs Jie 40 ) 391 i 114 3 5% s
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Shy G AR, a0 A Ak B E i SRS DL
MOFs J#%, 7EF i K COFs 4%, 193] = BliG 4%
1, f I 7R IR AR S50 T B A% MOFs, X il “HA 45,
W FCREHLE] COFs (W48 N s v, B kil 6 17 nl
il Ak 1) B @COF 1% 72 e 2 2 Ny 4, M Ak Pk B4 /=
I 300%. X F i B 5w [ A FH T 22 R A 2
MR 2. 2021 4, Wang 251 o F T 11 ZIF-
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A5, FE AT RN X 43 COVID-19 B S A
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Table 7 Performance of BAPNA and protein degradation by trypsin before and after immobilization
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Protein degradation/%
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Recent Progress on Covalent Organic Frameworks Materials in

Immobilized Enzymes

JIN Jing"?, ZHANG Yu-fei’, ZHENG Dong-yun' , ZHENG Ming-ming”
(1. College of Biomedical Engineering, South-Central Minzu University, Wuhan , 430000, China; 2. Oil Crops
Research Institute of Chinese Academy of Agricultural Sciences, Wuhan , 430000, China)

Abstract: Covalent Organic Frameworks (COFs) are a class of crystalline porous polymers that are constructed

based on the interactions of different atoms via covalent bonds. Due to their adjustable physicochemical

properties, structural regularity, robust framework, adjustable porosity and excellent absorptivity, COFs have been

widely used to prepare immobilized enzymes for food processing, chemical production and wastewater treatment,

etc. This paper reviews the advances in using COFs as the carriers for enzyme immobilization through different

immobilization methods including physical adsorption, covalent linkage, and entrapment in recent 10 years. And

discussed the remaining challenges as well as the forthcoming chances of COFs materials for enzyme

immobilization.

Key words: covalent organic frameworks; immobilized enzyme; physical adsorption; covalent linkage;

entrapment
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