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Protein-carbohydrate (PC) interactions are involved in a majority of crucial biological processes.
Experimental resolution of 3D structures of PC complexes is particularly difficult due to chemical and structural
variability of carbohydrates and weak affinities of PC interactions, leading to underrepresentation of
carbohydrates in the Protein Data Bank. Data-driven methods have potential to indicate carbohydrate binding
regions proteins with missing experimental information, but are much less developed as compared to protein-
protein or drug-protein interaction prediction tools. In the current study, we propose for the first time two
deep learning methods for carbohydrate binding site prediction. In the first model, we use embeddings
derived from the pre-trained protein language model ESM-2 [1] for efficient encoding of sequence
information, where we encode each residue using sliding windows. In the second model, if the experimental
structure of the protein is available, we represent proteins as amino acid contact graphs and use the positional
embeddings as node features. Both models are trained to predict residues in contact with carbohydrate
ligands using convolutional neural networks as architecture for the sequence-based method and graph
convolutional neural network for structure-based predictions in case the structure is available. Our models
outperform the existing carbohydrate-specific [2] as well as non-specific binding site prediction tools [3] and
successfully detect carbohydrate binding residues missed by other methods for proteins of biological interest.
Therefore, the developed methods can have an important impact for understanding mechanisms of glycan
recognition as well as for carbohydrate-based drug design.
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