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Why AlphaFold cannot replace structural biology: An exploration of the
accuracy of Al-based structure prediction

HE Xinheng, LI Junrui, XU Huagiang"

Shanghai Institute of Materia Medica, Chinese Academy of Science, Shanghai 201203, China

Abstract The rapid development of artificial intelligence has profoundly impacted biological research, with a revolutionary
breakthrough achieved by AlphaFold2 in the field of protein structure prediction. The reliability of AlphaFold2 for predicting the
structure of GPCR was evaluated in this paper. Due to its highly accurate predictions on protein three—dimensional structures,
AlphaFold2 has been widely applied to the structure study of proteins of unknown functions, complex protein complexes, and drug
targets. However, in practical applications, the predictions from AlphaFold2 are not always sufficiently precise across all scenarios.
For instance, in the case of G protein—coupled receptors (GPCRs), which belongs to a critical class of drug targets being involved in a
wide range of physiological processes, structural research is essential for understanding their functional mechanisms and drug
development. The results indicate that while AlphaFold2 has accurately captured the main features of the overall GPCR backbone,
its predictive models exhibit significant discrepancies compared to experimentally resolved high—resolution structures. These
discrepancies are particularly evident in the assembly of extracellular and transmembrane domains, the shape of ligand—binding
pockets, and the conformations of signaling interfaces. Such limitations have constrained the applicability of AlphakFold2 models in
GPCR functional studies and structure—based drug design. Therefore, although AlphakFold2 has provided a powerful tool for structure
prediction, its limitations in specific scenarios suggest that Al-based structure prediction, as an auxiliary tool, cannot fully replace
experimental structural biology. A combined approach remains necessary to support pharmacological research and drug design.
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