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Abstract　The integration of artificial intelligence (AI) in structural biology has revolutionized medicine design, notably through AlphaFold 3's accurate prediction of biomolecular interactions. With AI predicting over 600 million protein structures, the vast database enhances the identification of novel drug targets and optimization of therapeutic molecules. However, AI's limitations in capturing protein dynamics highlight the continued need for experimental validation. The synergy between AI's predictive power and empirical methods like cryo-EM and NMR spectroscopy fosters comprehensive drug design, accelerating the development of personalized medicine. This perspective underscores the necessity of balancing AI and experimental approaches to unlock unprecedented therapeutic innovations.
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The integration of artificial intelligence (AI) into the realm of structural biology has opened new frontiers for the design and development of medical therapeutics. The recent publication by Abramson, Adler, Dunger, et al., in Nature on May 8, 2024, underscores the potential of AlphaFold 3 to predict biomolecular interactions with unprecedented accuracy (Abramson et al., 2024). This breakthrough is not merely a technical milestone; it represents a transformative shift in how we approach drug discovery and development.

AlphaFold's ability to predict over 600 million protein structures has dramatically expanded our structural database, providing an extensive foundation for medicinal chemists and pharmacologists. As Westlake University's Professor Shi Yigong notes, "AI's rapid advancements have fundamentally altered our understanding of protein structures, offering a database that is several orders of magnitude larger than what we had before. This scale of change inevitably influences our comprehension of life sciences, drug discovery, and disease treatment" (Credit: Tai Media AGI, Video ID: sphMGEP2FvbOKcq ). The vast array of predicted structures facilitates the identification of novel drug targets and the optimization of therapeutic molecules, accelerating the transition from conceptual design to clinical application.

Despite these advancements, the process of translating AI predictions into viable medical products remains complex. Dr. Yan Ning, the current President of Shenzhen Medical Academy of Research and Translation, provides a more nuanced perspective. While recognizing AI's impressive capabilities, she emphasizes the importance of experimental validation in drug design. "AI can predict a static structure, but the true beauty and complexity of proteins lie in their dynamic states. To truly understand a protein’s function, we must observe it in various conformations, something AI currently struggles with" (Credit: Tai Media AGI, Video ID: sphMGEP2FvbOKcq ).

This sentiment highlights a crucial aspect of drug design: the need to understand the dynamic nature of target proteins. Proteins do not exist in a single, static conformation; they adopt multiple shapes that are crucial for their biological functions. Drugs designed to interact with these proteins must therefore be effective across these various states. AI's predictions, while highly accurate, often provide a snapshot rather than a full dynamic picture. Thus, combining AI's predictive power with experimental techniques such as cryo-electron microscopy (cryo-EM) and nuclear magnetic resonance (NMR) spectroscopy is essential to capture these dynamic processes.

The integration of AI into medicinal chemistry has already shown promising results. For example, the rapid identification of binding sites and the optimization of ligand interactions have significantly shortened the lead optimization phase. Additionally, AI-driven models can predict off-target effects and potential toxicity earlier in the drug development process, reducing the risk of late-stage failures. This predictive capability is particularly valuable in the context of personalized medicine, where drugs can be tailored to the genetic and molecular profiles of individual patients.

Moreover, the collaboration between computational scientists and experimental biologists is fostering innovative approaches to drug design. The synergy between AI's data-driven insights and the empirical rigor of laboratory experiments enables a more comprehensive understanding of drug-target interactions. This holistic approach not only enhances the efficacy and safety of new therapeutics but also expedites their development.

As we move forward, the focus should be on creating a seamless integration between AI predictions and experimental validation. Investment in interdisciplinary research and training is crucial to equip the next generation of scientists with the skills needed to harness both computational and experimental tools. Regulatory frameworks must also evolve to accommodate the rapid advancements in AI-driven drug development, ensuring that new therapies are both safe and effective.

In conclusion, the advent of AI technologies like AlphaFold represents a paradigm shift in medicine design and development. By leveraging AI's predictive power and combining it with rigorous experimental validation, we can accelerate the discovery of new therapeutics and bring life-saving treatments to patients faster than ever before. The future of medicine lies in this collaborative, interdisciplinary approach, where the strengths of AI and experimental science converge to drive innovation and improve human health.
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