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AcidBasePred: a protein acid-base tolerance prediction
platform based on deep learning
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Abstract: The structures and activities of enzymes are influenced by pH of the environment.
Understanding and distinguishing the adaptation mechanisms of enzymes to extreme pH values is
of great significance for elucidating the molecular mechanisms and promoting the industrial
applications of enzymes. In this study, the ESM-2 protein language model was used to encode the
secreted microbial proteins with the optimal performance above pH 9 and below pH 5, which
yielded 47 725 high-pH protein sequences and 66 079 low-pH protein sequences, respectively. A
deep learning model was constructed to identify protein acid-base tolerance based on amino acid
sequences. The model showcased significantly higher accuracy than other methods, with the
overall accuracy of 94.8%, precision of 91.8%, and a recall rate of 93.4% on the test set.
Furthermore, we built a website (https://enzymepred.biodesign.ac.cn), which enabled users to
predict the acid-base tolerance by submitting the protein sequences of enzymes. This study has
accelerated the application of enzymes in various fields, including biotechnology, pharmaceuticals,
and chemicals. It provides a powerful tool for the rapid screening and optimization of industrial
enzymes.
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Data Collection. A: Source of microorganisms. B: Collection of microorganisms. C: The process

of extracting secretory proteins. D: Collection of proteins and secretory proteins.
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Figure 2 Data analysis. A: Dimensionality reduction analysis was performed using PCA. B: Data feature

visualization was conducted using t-SNE.
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on the accuracy of the model, where A is the model before data cleaning, and B is the model after data
cleaning. C: The train loss and loss on test set during the training of the model. D: Accuracy, precision and
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Model parameter description: The batch size is set to 64, and
the model tends to stabilize after 250 rounds of training.
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