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A B S T R A C T   

The development of deep learning models for predicting toxicological endpoints has shown great promise, but 
one of the challenges in the field is the accuracy and interpretability of these models. The bioactive conformation 
of a compound plays a critical role for it to bind in the target. It is a big issue to figure out the bioactive 
conformation in deep learning without the co-crystal structure or highly precise molecular simulations. In this 
study, we developed a deep learning framework of Multi-Conformation Point Network (MCPNET) to construct 
classification and regression models, respectively, based on electrostatic potential distributions on vdW surfaces 
around multiple conformations of the compound using a dataset of compounds with developmental toxicity in 
zebrafish embryo. MCPNET applied 3D multi-conformational surface point cloud to extract the molecular fea-
tures for model training, which may be critical for capturing the structural diversity of compounds. The models 
achieved an accuracy of 85 % on the classification task and R2 of 0.66 on the regression task, outperforming 
traditional machine learning models and other deep learning models. The key feature of our model is its 
interpretability with the component visualization to identify the factors contributing to the prediction and to 
understand the compound action mechanism. MCPNET may predict the conformation quietly close to the 
bioactive conformation of a compound by attention-based multi-conformation pooling mechanism. Our results 
demonstrated the potential of deep learning based on 3D molecular representations in accurately predicting 
developmental toxicity. The source code is publicly available at https://github.com/Superlit-CC/MCPNET.   

1. Introduction 

Toxicity is a common drawback of newly designed chemotherapeutic 
agents. Drug-related toxicities have been the major concerns for the 
pharmaceutical industry involved in design, synthesis, and development 
of a new chemical entity. The use of mammalian models for drug dis-
covery and toxicity testing has long been a controversial subject due to 
the high cost and ethical issues associated with large-scale animal 
testing. In response to this pressing issue, researchers have sought 
alternative animal models that are more cost-effective, efficient, and 
ethically responsible. In recent years, the zebrafish (Danio rerio) has 
emerged as a highly promising animal model for drug discovery and 
toxicity testing [1–3]. Zebrafish are small vertebrates that are ideal for 

large-scale rearing with a short growth cycle and low feeding costs. 
Stemple et al. identified that 70 % of human genes have at least one 
obvious zebrafish orthologue [4]. These advantages, together with the 
recent advances in behavioral testing methods for zebrafish, make this 
species an attractive option for the identification of toxicity of drugs. 
Indeed, the zebrafish model provides tremendous advantages for toxi-
cological evaluation of drugs [5–7] to be wildly used in the toxicity 
assessment of human drugs [8–10]. Behavioral tests based on multiple 
life stages, including adulthood, have been developed over the past 15 
years and have the potential to provide large amounts of data for the 
rapid identification of toxic chemicals. The zebrafish embryo model 
have been developed to test the developmental toxicity of a compound 
in environmental assessment and drug development [11]. 
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基于分子多构象的点云多示例深度学习毒

性预测方法

(57)摘要

本发明公开了一种基于分子多构象的点云

多示例深度学习毒性预测方法，包括：数据预处

理，分子的SMILES序列，基于距离几何和ETKDG方

法，生成分子的多构象及其三维坐标和电荷，再

通过电荷获取分子的范德华表面静电势，范德华

表面的每个静电势点作为分子的特征数据，搭建

和训练点云数据的多示例深度学习网络模型，预

测分子不同构象的毒性，当分子存在毒性时，可

视化其构象，并标注出分子可能与特定靶标相结

合的重要特征点。本发明通过多示例注意力模型

提取分子的不同构象信息，使得预测结果优于现

有模型。本发明可解释性和可视化方面优于其它

模型，可解决人工智能的黑箱问题，通过模型可

视化的结果可以辅助探索化合物的作用机制。
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