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Abstract: Enzyme immobilization is an effective approach to promote its industrial applications, with the
carrier the key influencing factor on the catalytic performance of immobilized enzymes. Metal-organic
frameworks (MOFs), highly ordered porous materials with clear structure-function relationships, uniform
pore size distribution, tunable and designable porosity at the atomic level, have made significant progress as
enzyme carrier. This review focused on the influence of MOFs pore structure on their enzyme immobilization
performance. Herein, the influencing factors on MOFs pore structure were analyzed, followed by research
progress summarization on enzyme loading in cage-type cavities and channel-type pores with a detailed
description on the influence of porosity on enzyme immobilization, enzyme activity etc. Finally, the special
role of MOFs hierarchical-structure in enhancing mass transfer with immobilized enzymes and the
importance of developing pore-enzyme matching MOFs were pointed out, while the development
advantages of utilizing MOFs autocatalytic ability to construct high-efficiency chemical-enzyme cascade
catalysts in nanometer scale and the feasibility of enhancing enzyme catalytic process by regulating
microenvironment were discussed.
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Fig. 1

Enzyme schematic diagram of enzyme immobilized on MOFs with different porous structures) (the carrier should both

immobilize the enzyme within it and provide a channel for substrate delivery) (A), and relationship between edge and
diameter in regular polygons (B)*; Topology scheme of cage-type cavities [UIO-66, tetrahedral cavity (orange),
octahedral cavity (yellow)] (C)**”); Topology scheme of channel-type pores [viewed down the (100) direction, showing

nanochannels with fourfold symmetry] (D)*]
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Fig. 2 Schematic diagram of Tb-MesoMOF cavity and encapsulation of MP-11 (a)*”); Schematic diagram of migration

process of Cyt C into Tb-MesoMOF cavity through narrow windows (b)©*?!; Schematic diagram of super tetrahedral
unit and large cavities of PCN-333 (¢)?®); Schematic diagram of fixed point loading of double enzymes by changing

loading orders (d)?**
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Fig. 4 Schematic diagram of pore structures in NU-100X (a)!*?); Fluorescence 3D recomposition of simulated substrate FITC

after immobilized enzyme (left), confocal microscope image of fluorescence label Cut647@NU-1000 (top right),
confocal microscope image of simulated substrate TCPP after immobilized enzyme (middle right), overlapping image
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(c)[*"; Effects of different pore structures on substrate accessibility (d)I*”)
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Schematic diagram of homogeneous loading of enzymes in MOFs pores and diffusion of reactants from bulk to pore

and influence of carrier size on mass transfer in pore (a); Confocal microscope images of the effect of time on OPAA
loading in NU-1003 (b); Effect of grain size on neurotoxin diisopropyl phosphite (DFP) catalyzed by NU-1003
immobilized enzyme (c); Comparison of initial reaction rates of GD catalyzed by different enzymes (d)!*”
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Structure of ubiquitin and regulation of NU-1000 microenvironment by different small molecules (a)P*"!; Relationship

between ubiquitin loading capacity and enthalpy change during loading (Benzoic acid-modified NU-1000 is denoted
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column reactor constructed by Enzyme-NU-1000 (¢)!**
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