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Abstract:
Background: Organic anion transporting polypeptides (OATPs) are essential membrane transporters that enable the absorption of various endogenous and exogenous compounds, including many clinically relevant drugs. OATP2B1, a member of the OATP family, is widely expressed throughout the human body, particularly in the small intestine, liver, and blood-brain barrier, and is therefore recognized as an important player in determining the absorption of numerous therapeutic agents. Although three-dimensional structures of the liver-specific OATPs, i.e., OATP1B1 and OATP1B3, have been dissected recently with cryo-electron microscopy, highlighting the essential roles of transmembrane helices (TMs) such as TM7, 8, and 10, information regarding the important structural features for substrate recognition and binding in OATP2B1 is limited. 

Methods: In the present study, a structural model of OATP2B1 was generated using AlphaFold 3.0. Site-directed mutagenesis of OATP2B1 TM10 was carried out based on this model and the uptake of 4′,5′-Dibromofluorescein (DBF) by these mutants was measured. Molecular docking and residue interaction network (RIN) analysis were applied to dissect the roles played by the corresponding amino acid residues. 

Results: The AlphaFold 3.0-generated model indicated that the TM10 region spans from amino acid residues 558 to 581. Site-directed mutagenesis on individual residues revealed that among the 24 amino acids in TM10, replacing six residues, i.e., Phe564, Leu565, Ser572, Cys576, His579, and Pro581, with alanine resulted in a significant reduction in the uptake of 4′,5′-Dibromofluorescein (DBF) by the transporter. Conversely, substituting these residues with conserved amino acids significantly restored transport activity. Further investigations showed that the alanine substitutions had minimal impact on the protein levels of the mutants but significantly altered the Km and Vmax for DBF uptake. This suggests that the mutations affect the conformation of the transporter rather than its stability. Molecular docking analysis was conducted to assess the interactions between OATP2B1 mutants and DBF. Additionally, RIN analysis demonstrated that replacing these essential residues altered their interactions with residues in other TMs of the transporter. This change likely impacts the conformation crucial for substrate binding. 

Conclusions: By combining biochemical analysis with computer modeling, we identified the critical residues located at TM10 of OATP2B1 and demonstrated that by interacting with other TMs, they may be involved in maintaining the proper conformation for substrate binding of the transporter. 
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