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Fig. 2 Introduction of non—covalent/covalent interactions by structural modification to improve thermal stability
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Table 1 Summary of several popular tools or methods for enzyme stability
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Table 2 Summary of applicable tools or strategies for enzyme function prediction
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Fig. 5 Simultaneous optimization of multiple properties (thermostability, activity and glucose tolerance) of

B—glucosidase Bgl6 in combination with computer—aided strategies, pocket engineering and region redesign strategies
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Abstract The high specificity and sustainability of enzymes make them widely used as green catalysts, and their
stability and catalytic activity are vital for their practical applicability. Recently, enzymes have been endowed with
desired physical and catalytic properties via using protein structural modification. From the protein structural
point of view, enzyme thermal stability has been improved by modulation of non-covalent/covalent interactions
(hydrophobic interaction, hydrogen bonding, salt bridges, aromatic interaction and disulfide bonds), loop
truncation, C-/N-terminal engineering, introduction of proline with highest conformational rigidity in the flexible
region, and substitution of glycine with highest conformational entropy. Meanwhile, the catalytic function has
been enhanced or altered by various methods, including reducing steric hindrance, widening the binding pocket,
moderating substrate binding affinity and active site flexibility. While, the generation of new features or
improvement of the existing features often comes at the expense of the other ones. Thus, strategies include
screening suitable mutation sites, co-selection for stability and activity, and using highly stable proteins as the
parental backbones are also discussed to overcome the stability-activity trade-off. This review summarized recent
advances in structural modification to improve the stability or/and catalytic activity of enzymes and further
provided a brief prospect in the future developments.

Key words structural modification, stability, catalytic activity, stability-activity trade-off
DOI: 10.16476/j.pibb.2023.0092

# This work was supported by a grant from The National Natural Science Foundation of China (31971206).
## Corresponding author.

Tel: 86-27-87792213, E-mail: yanyunjun@hust.edu.cn

Received: March 21, 2023 Accepted: April 19, 2023



