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Abstract: Natural enzymes are often difficult to meet the needs of application and research in
terms of activity, enantiomer selectivity or thermal stability. Therefore, it is an important task of
enzyme engineering to explore efficient molecular modification technologies to improve the
properties of such enzymes. The molecular modification technologies of enzymes mainly
include rational design, directed evolution, and artificial intelligence-assisted design. Directed
evolution and rational design are experiment-driven molecular modification approaches of
enzymes and have been successfully applied to enzyme engineering. However, due to the huge
space sizes of protein sequences and the lack of experimental data, the current modification
methods still face major challenges. With the development of next-generation sequencing,
high-throughput screening, protein databases, and artificial intelligence (AI), data-driven
enzyme engineering is emerging as a promising solution to these challenges. The Al-assisted
statistical learning method has been used to establish a model for predicting the
sequence/structure-properties of enzymes in a data-driven manner. Excellent mutant enzymes
can be selected according to the prediction results, which greatly improve the efficiency of
molecular modification. Considering the application requirements of molecular modification of
enzymes, this paper reviews the data acquisition methods and application examples of
Al-assisted molecular modification of enzymes, with focuses on the convolutional neural
network method for predicting protein thermostability, aiming to provide reference for
researchers in this field.

Keywords: artificial intelligence; directed evolution; molecular modification of enzymes;
convolutional neural network
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Figure 1
design and artificial intelligence.
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Schematic diagram of enzyme engineering strategies assisted by directed evolution, rational
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Table I  Application of artificial intelligence in enzyme engineering

Models Algorithms  Input types Applications References

CWLy-SVM SVM Sequence Identification of cell wall catalytic enzymes [36]

SVR SVM Sequence Enhance enzyme activity and solubility [54]

Innov’SAR PLSR Sequence Finding the best combination of mutations to increase activity  [55-57]

ProSAR PLSR Sequence Enhancement of halohydrin dehalogenase activity [57]

- GP Sequence Modifying the fluorescence of green fluorescent protein [58]

TOME RF Sequence Predicting the optimal temperature [59-60]

GOLabeler LTR Sequence Predicting the function of unknown proteins [61]

DeepGOPlus CNN Sequence Predicting protein function using protein sequence and [32]
structure information

GAT-GO GAT Sequence Predicting protein function from PPI networks [62]

ESM-1v Transformer Sequence Predicting protein function under unsupervised learning [63]

DeepFRI GCN Sequence and  Predicting protein function by learning the features of protein  [64]

structure sequences and contact maps

DeepGraphGO GCN PPI network Using protein data from all species in a single model to predict [65]
protein function

- CNN Sequence Prediction of protein thermostability [66]

SVM: Support vector machine; PLSR: Partial least square regression; GP: Gaussian progress; RF: Random forest; LTR:
Learning to rank; CNN: Convolutional neural network; GAT: Graph attention network; GCN: Graph convolutional network.
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Figure 2 Enzyme molecular modification process based on machine learning.
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Figure 4 Structure of the model.
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