Extended DataFig. 8| Superposition of OSTa/p structures and DHEAS OSTa/B variants in the potential BA-binding site. Cells expressing GFP alone
uptake analysis. a, Superposition of OSTa/B-CHS (green) and OSTa/B-DHEAS serveas controls. Dataare normalized to WT OSTa/B and are presented as
(purple). Cholesterolsingreenand purple, CHSin yellow,and DHEAS in cyan. mean + SEM; n=3independentreplicates. One-way ANOVA was used; ns, not
b, Chemicalstructures of TCA and DHEAS. ¢, DHEAS uptake activity of human significant; *P = 0.0351; ****P < 0.0001.
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Extended DataFig. 9| MD simulations validating OSTa/p conformational from CMD simulations. Ther.m.s.f. profileis derived from threeindependent
flexibility. a, R.m.s.d. plots for TCAandits binding pocket (residues within CMDreplicates. Red and blue points denote residues at the N-and C-termini,
5-A) across three independent CMD simulations. R.m.s.d. calculations were respectively. The red dashed linesindicate ther.m.s.f. values (>2 A) of ICL2
performed after least-squares alignment of the ligand and pocket to theirinitial and ECL2.g, Spatial mappingofr.m.s.f.valuesonthe OSTa/pB structure.Red
conformations. b, Conformational clusters identified from CMD trajectories. indicates high flexibility and blue denotes low flexibility. Red dashed boxes
R.m.s.d. cut-off, 1.5 A. ¢, Superposition of the representative structure from highlight ICL2 and ECL2 with relatively higher r.m.s.f. values. h, Clustering

the most populated cluster (green) and the OSTa/B-DHEAS structure (yellow). analysis of combined wt-MetaD and CMD trajectories. Bar chart depicts the
TCAand DHEAS insticks.d, Aschematicrepresentationillustrates the definition ~ populationdistribution of allidentified conformational clusters. CMD-exclusive

oftwo collective variables used inwt-MetaD simulations. e, Convergence of clustersingreen, wt-MetaD-exclusive clustersinred, and shared clustersin
wt-MetaD simulations. The plot displays curves representing therelative free yellow. i, Superposition of representative conformations from each of the 60
energy progression of individual states, which were identified as local minima clusters. Protein backbones are displayed as lines, using the same colour code
ontheFES presentedinFig.5b. The plateauing of these curvesindicatesthe aspresentedinh.

convergence of the wt-MetaD simulations. f, R.m.s.f. profile of OSTa/B-TCA



Extended Data Table 1| Cryo-EM data collection, refinement and validation statistics

OSTa/B-CHS OSTa/B-DHEAS
(EMDB-63148) (EMDB-63149)
(PDB: 9LJG) (PDB: 9LJH)
Data collection and processing
Magnification 105,000 x 105,000 x
Voltage (kV) 300 300
Electron exposure (e/A2) 60 60
Defocus range (um) -1.0~-2.0 -1.0~-2.0
Pixel size (A) 0.85 0.85
Symmetry imposed Cc2 Cc2
Initial particle images (no.) 4,527,304 3,710,425
Final particle images (no.) 93,268 220,182
Map resolution (A) 2.64 2.73
FSC threshold 0.143 0.143
Map resolution range (A) 25~45 25~45
Refinement
Initial model used (PDB code) AF2 model OSTa/B-CHS
Model resolution (A) 2.83 2.91
FSC threshold 0.5 0.5
Map sharpening B factor (A2) -107.1 -108.8
Model composition
Non-hydrogen atoms 6,635 6,585
Protein residues 756 753
Ligands 30 30
B factors (A2)
Protein 59.52 58.21
Lipids 69.82 67.03
CHS 59.47
DHES 57.52
R.m.s. deviations
Bond lengths (A) 0.003 0.019
Bond angles (°) 0.570 1.249
Validation
MolProbity score 0.94 1.03
Clashscore 4.00 7.00
Poor rotamers 0.90 0.50
Ramachandran plot
Favored (%) 99.32 99.05
Allowed (%) 0.68 0.95
Disallowed (%) 0.00 0.00
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For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.
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Data collection  All cryo-EM data were collected using EPU v3.1

Data analysis Collected cryo-EM data were processed using relion-3.1, MotionCorr2, GetfGetf v1.3, CryoSPARC v4.1.0. Map and model refinement were
processed with UCSF-Chimera v1.15, AlphaFold2, AlphaFold3, COOT v0.9.2, Phenix v1.19. Molecular dynamics simulation analyses were
performed with CHARMM-GUI web server, Amber ff14SB, Lipid21, TIP3P v10.4.4, Gaff2, ACPYPE v2022.6.6, LINCS algorithm, GROMACS
v2021.4, PLUMED v2.8.1, and Metadynminer v0.1.7. All figures were analyzed and made using Pymol v2.4.0, ChimeraX v1.1, Jalview1.8.3 and
Graphpad v8.0.1.
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The Protein Data Bank coordinates used for structural alignments are 6U08 (human GABABR) [http://doi.org/10.2210/pdb6U08/pdb], 6PTO (human CB2 receptor)
[http://doi.org/10.2210/pdb6PTO/pdb], 7KNT (CGRP receptor) [http://doi.org/10.2210/pdb7KNT/pdb], 72YI (human NTCP) [http://doi.org/10.2210/pdb6ZY|/pdb],
3ZUX (ASBT of Neisseria meningitidis) [http://doi.org/10.2210/pdb3ZUX/pdb], 8HND (human OATP1B1) [http://doi.org/10.2210/pdb8HND/pdb], 7DV5 (human
BSEP) [http://doi.org/10.2210/pdb7DV5/pdb], 7DUQ (human GLP-1R) [http://doi.org/10.2210/pdb7DUQ/pdb], 7E14 (human GLP-1R-Gs complex) [http://
doi.org/10.2210/pdb7E14/pdb], 60S1 (human AT1R) [http://doi.org/10.2210/pdb60S1/pdb], 40R2 (human mGIluR1) [http://doi.org/10.2210/pdb40R2/pdb], 8XQL
(human TAS2R14) [http://doi.org/10.2210/pdb8XQL/pdb], and 6NBF (human PTH1R) [http://doi.org/10.2210/pdb6NBF/pdb]. The cryo-EM density maps of human
OSTa/B-CHS and OSTa/B-DHEAS have been deposited into the Electron Microscopy Data Bank under accession numbers EMD-63148 [https://
www.emdataresource.org/EMD-63148] and EMD-63149 [https://www.emdataresource.org/EMD-63149], respectively. The coordinates of human OSTa/B-CHS and
OSTa/B-DHEAS have been deposited into the Protein Data Bank under accession codes SLJG [http://doi.org/10.2210/pdbSLIG/pdb] and 9LIH [http://
doi.org/10.2210/pdb9LIH/pdb], respectively. Source Data are provided.
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Life sciences study design
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Sample size Statistical methods were not used to determine sample size. For cryo-EM analysis, the number of micrographs was determined by the
availability of microscope time and the particle density on the grids. The cryo-EM data were collected until the reported high-resolution EM
maps achieved. For functional assays, the sample sizes were at least independent three, adhering to common practice in the field and striking
a reasonable balance between statistical robustness and practicality (The same sizes for the functional assays of OSTa/B had been used in
previous studies. PMID: 12719432).

Data exclusions  For cryo-EM analysis, micrographs with CTF fitting resolution worse than 4-angstrom were discarded. Subsequent cryo-EM data processing
only kept high-resolution and homogeneous particles to generate the final high-resolution maps.

Replication Sample preparation related experiments including protein purification and SDS-PAGE analyses, were conducted at least three times. Despite
some degree of variability in protein yields, the profiles of fluorescence-detection size-exclusion chromatography, gel filtration, and SDS-PAGE
were reproducible. Functional experiments were repeated at least three biological independent times, consistently yielding comparable
results and reproducibility.

Randomization  Randomization was not used in this study because the specific types of the experiments conducted in this study do not necessitate it; they are
not influenced by the sample allocation processes common in other research methods.
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Blinding Blinding was not used in this study because the subjective analysis was not needed. Each experiment was analyzed using consistent methods.
Quantitative measurements using various approaches as described in the methods minimized biased assessment.
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Plants
Antibodies
Antibodies used anti-rabbit Na+/H+ pump primary antibody; multi-rAb HRP-Goat secondary antibody
Validation The anti-rabbit Na+/H+ pump primary antibody was purchased from Abmart with a catalog #T55159. The multi-rAb HRP-Goat

secondary antibody was purchased from Proteintech with a catalog #RGAR001. The anti-rabbit Na+/H+ pump primary antibody and
multi-rAb HRP-Goat secondary antibody were diluted following the instructions with a ration of 1:5000 and 1:5000, respectively.

Eukaryotic cell lines

Policy information about cell lines and Sex and Gender in Research

Cell line source(s) Sf9(Invitrogen, USA), HEK293F (FreeStyle 293F cells, Gibco, USA)

Authentication Cell lines were verified by the manufacturers' websites. The cell lines were frequently inspected by their morphological
features.

Mycoplasma contamination The cell lines were not tested for mycoplasma contamination.

Commonly misidentified lines  None of the cell lines used is listed in the database of commonly misidentified cell lines maintained by ICLAC.
(See ICLAC register)

Plants

Seed stocks N/A

Novel plant genotypes  N/A

Authentication N/A






