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ABSTRACT: Predicting protein—protein interactions (PPIs) is
crucial for advancing drug discovery. Despite the proposal of
numerous advanced computational methods, these approaches
often suffer from poor usability for biologists and lack general-
ization. In this study, we designed a deep learning model based on
a coattention mechanism that was capable of both PPI and site
prediction and used this model as the foundation for PPI-
CoAttNet, a user-friendly, multifunctional web server for PPI
prediction. This platform provides comprehensive services for
online PPI model training, PPI and site prediction, and prediction
of interactions with proteins associated with highly prevalent cancers. In our Homo sapiens test set for PPI prediction, PPI-CoAttNet
achieved an AUC of 0.9841 and an F1 score of 0.9440, outperforming most state-of-the-art models. Additionally, these results are
generated in real time, delivering outcomes within minutes. We also evaluated PPI-CoAttNet for downstream tasks, including novel
E3 ligase scoring, demonstrating outstanding accuracy. We believe that this tool will empower researchers, especially those without
computational expertise, to leverage Al for accelerating drug development.

B INTRODUCTION

Protein—protein interactions (PPIs) form the foundational
basis of cellular structural organization and functional
coordination." These interactions are crucial in numerous
biological processes, including signal transduction, cellular
communication, and metabolic pathways.” In-depth research
into PPIs not only provides profound insights into cellular
mechanisms but also opens new avenues for the identification
of novel therapeutic targets and the development of drugs
designed to modulate these interactions.’

Traditional experimental methods are commonly used to
assess protein—protein binding and identify the critical amino
acids at the binding interface. Although these techniques have
proven to be relatively accurate, they still have certain
limitations. X-ray crystallography provides high-resolution
structures of protein complexes but requires high-quality
crystals, which can be difficult to obtain for some proteins.
Cryogenic electron microscopy allows for the study of large
and flexible protein complexes without the need for
crystallization, but it can be costly and typically provides
lower resolution for smaller complexes. Alanine scanning
identifies key residues in PPIs by substituting amino acids with
alanine, though it may not capture all types of interactions,
particularly those involving subtle conformational changes..
Consequently, there is a need for computational tools to
facilitate the automated prediction and understanding of
interactions between biomolecules.®
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Various databases, such as STRING,” BioGRID,® and the
recently developed PPI3D,” have been constructed to facilitate
PPI studies by inferring protein—protein interactions based on
sequence homology and structural similarity. However, these
inferences rely on existing data and do not fully capture the
underlying relationships between interacting proteins, leading
to limitations in predicting interactions for unknown proteins.

In recent years, tools such as AlphaFold3'’ and RoseTTA-
Fold-All-Atom'' have been developed for the structural
prediction of multiple protein complexes. However, obtaining
the structures of complexes using these tools requires
significant computational resources and extended computation
times. Moreover, these tools often only provide the predicted
interaction structures without information about whether
interactions occur or details about interacting amino acids.
Additionally, some computational models for PPI prediction,
including deep-learning-based methods using protein sequen-
ces, like PIPR,'> GNN-PPIL,"* HN-PPISP,'* and DeepPPISP,"”
and methods based on protein 3D structures, such as
Struct2Graph16 and RGN,"” often focus on single-chain
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