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TopEnzyme significantly improves classification of
enzyme function by incorporating computational

enzyme structures.
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It is essential to understand target enzyme function for applications in biomedicine and biotechnology. A
good method to predict the function of new enzymes is the classification through neural networks in combi-
nation with large structural datasets. To keep computational requirements feasible for these large systems,
we created a more sophisticated representation of an enzyme than the sequence or fold while retaining local
chemical information. This localized 3D enzyme descriptor improves enzyme function prediction compared
to established methods in the field for GCNs.

For this project we developed TopEnzyme, a database of structural enzyme models created with TopModel
and it is linked to the SWISS-MODEL and AlphaFold Protein Structure Database to provide an overview of
structural coverage of the functional enzyme space for over 200,000 enzyme models. It allows the user to
quickly obtain representative structural models for 60% of all known enzyme functions. We assessed the
models we contributed with TopScore and found that the TopScore differs only by 0.04 on average in favor
of AlphaFold2 models. We tested TopModel and AlphaFold2 for targets not seen in the respective training
databases and found that both methods create qualitatively similar structures.

Testing the localized 3D descriptor on this database improves the F1-score up to 17% in enzyme classification
tasks compared to fold representation methods. Furthermore, we implemented better GCNs, SchNett and
DimeNetPP, for atom classification. This increases the performance by 13% and 16% on the enzyme classifica-
tion task. Furthermore, we investigated the networks using GNNExplainer and found relational information
more important when classifying residue-based objects, while chemical interactions are marked more impor-
tant when classifying on atom objects. Our results demonstrate that a localized 3D descriptor is the better
alternative to current reduced structure representations used in enzyme prediction networks.
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