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Abstract: Enzyme is a green and natural biocatalyst, with the advantages of high activity under moderate
conditions and high specificity. However, the high molecular complexity and intrinsic fragility are the
challenges for applying the enzymes in the tough reaction conditions for the industry process. The
advanced enzyme immobilization technology has great chance to improve the enzymatic activity and
stability, bringing new opportunities for the engineering application of enzymes. Porous nanomaterials
with large surface area, high porosity, stable mechanical, chemical resistance and superior
cost-effectiveness, are ideal carriers of immobilizing enzyme. In this paper, the recent research progress
and applications of nanomaterials such as metal organic framework, covalent organic framework and
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porous microspheres for enzymatic immobilization are reviewed. We mainly introduced the method of
carrier for immobilization of enzymes, summarized the characteristics of each carrier. The challenges and
future development of the immobilization technology for enzymes by porous nanomaterials have been

finally discussed and concluded.

Keywords: Enzyme, Immobilization, Porous nanomaterials, Immobilization methods, Research progress
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Table 1 Advantages and disadvantages of different fixation methods

Ttk H e 223K
Method Advantage Defect References
Adsorption Low cost Enzymes leak easily [2]

Simple operation Not conducive to continuous operation
Covalent bonding High stability High fixed cost [5]

High load efficiency Damage of enzyme functional group

Continuous operation

Embedding Simple process
Immobilizable biomacromolecule
Low cost

Cross-linking High stability

No carrier needed

Low mass transfer efficiency [9]

High cost [7-8]
Reaction is hard to control
Large enzyme demand
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Table 2 Summary of enzyme@MOF immobilization
fity LSRN 58 Ik VA 275 3k
Enzyme Carrier materials Immobilization Application References
method
Lysozyme ZIF-8 Adsorption Hydrolysis of M. lysodeikticus [41]
Laccase MIL-53(Al) Adsorption Catalytically degrade of 5-chloro-2-(2,4-dichlorophenoxy) phenol  [21]
Dehydrogenase ZIF-70 Adsorption Detection of glucose in brain [13]
HRP/Cyt ¢ Ni-MOF Adsorption The degradation of 2,4-dichlorophenol and rifaximin in artificial [20]
wastewater
Trypsin HKUST-1 Adsorption Hydrolyzed cytochrome ¢ [14]
Cellulase UiO-66-NH, Adsorption Hydrolysis of cellulose into soluble sugars [22]
Gox HP-MOF Adsorption Biosensor [17]
Lipase MIL-101(Cr) Covalent linkage  Hydrolysis p-nitrophenyl palmitate [42]
OPH Ui0-66-NH, Covalent linkage  Hydrolysis of p-methyl-parathion [24]
Luciferase Fe-MIL-88NH, Covalent linkage  Detection ATP in the living organisms [26]
RIgG Cu-MOF Encapsulation Colorimetric immunoassay [43]
Cytc ZIF-8 Encapsulation Catalyze H,0, [31]
Lipase ZIF-67 Encapsulation Catalysts for esterification, transesterification [34]
GOx ZIF-8 Encapsulation Colorimetric and electrochemical glucose sensor [44]
Glycosidases  UiO-66-NH, ZIF-8, Encapsulation Hydrolysis of one of cellobiose’s analogs [38]
Zn-MOF-74
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FH A X K — R (dimethoxyterephthaldehyde,
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P9 (8] % = 3 (triformylphloroglucinol, TP)Fl— %
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A 3y BRI A 60 R o T I E 1R E o-TER
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Figure 6 Schematic diagram of enzyme entering into COF channel'*’!
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Figure 7 Covalent immobilization of biomolecules in COF!
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Figure 10 Schematic diagram of PCMN preparation mechanism
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Table 3 Summary of immobilized enzyme on porous microspheres

YT EEAENEY EiVEwiarS LT 225 3k
Biomolecules Support materials Immobilization Application References
method
Amino acids Aldehyde-containing microspheres Covalent bonding Green corrosion inhibitors for metals [68]
(SMA-EMA)
B-D-galactosidase  Chitosan Covalent bonding Hydrolysis [69]
o-nitrophenyl-p-D-galactopyranoside

Lipase Fe;04-PCPA-EGDE nanoparticles Covalent bonding Hydrolysis olive oil [56]
Polygalacturonase  Calcium alginate microspheres Covalent bonding Apple juice clarificatin [58]
YADH Chitin-shellac microspheres Covalent bonding Convert alcohols to aldehydes or ketones [60]
Nitrilase Cellulose microspheres Covalent bonding Hydrolysis of mandelonitrile [70]
Lipase Fe;0,@Si0, magnetic nanoparticles Adsorption Hydrolysis p-nitrophenyl palmitate [67]
Papain Magnetic nanoparticles Adsorption Hydrolyze allergenic proteins [66]
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Figure 11 Schematic diagram of in vitro protective coating strategy for antibody preparation and application
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