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All primary data are available through the manuscript, Extended Data, Supplementary Information and Source Data. Cryo-EM structures/maps: PDB 9PLO/EMD-71719 and PDB 9PLN/EMD-71718.
Mac1 structures and structure factors: PDB 14AB, 7IIW, 7IIX, 7IIY, 7IIZ, 7IJ0, 7IJ1, 7IJ2, 7IJ3, 7IJ4, 7IJ5, 7IJ6, 7IJ7, 7IJ8, 7IJ9, 7IJA, 7IJB, 7IJC, 7IJD, 7IJE, 7IJF, 7IJG, 7IJH, 7IJI, 7IJJ, 7IJK, 7IJL,
14AM, 14AN, 14AO, 14AP and 7IJM. ChEMBL database version 34 is available at https://doi.org/10.6019/CHEMBL.database.34. Compounds and catalogue identifiers are listed in Supplementary
Table 1.

ALS beamline 8.3.1: Blu-Ice 5.

Confirmed software and version details are listed on appended page 6.



We synthesized 257 analogs of 18 parent compounds. Sample sizes were not predetermined by statistical methods but were driven by compound availability and
feasibility. For mouse studies, no formal a priori power calculation was performed; group sizes followed prior assay experience and literature precedent.

Fig. 5b comprises three independent experiments, each with two technical replicates. Mouse behavioral experiments were performed in two independent
cohorts.

Mice were randomly assigned to treatment and control groups as described in the Methods.

For mouse experiments, behavioral assessment was performed by an experimenter different from the injector; behavioral investigators were therefore blinded to
treatment.



Sf9: Expression Systems 94-001S; Hi5: Expression Systems 94-002S; HEK293: ATCC CRL-1573; HEK293T: ATCC CRL-3216.

All cell lines were authenticated by their respective suppliers.

The cell lines were not tested for mycoplasma contamination by the authors.



Animals and other organisms
Policy information about studies involving animals and other organisms

Laboratory animals
Male C57BL/6J mice, 7-8 weeks old, obtained from The Jackson Laboratory (JAX strain #000664).

Housing conditions
Five mice per cage; standard 12:12-hour light-dark cycle; 20.7 C (69.3 F); 58% humidity.

Ethics oversight
University of California, San Francisco Institutional Animal Care and Use Committee (IACUC), protocol #AN208219.

Randomization
Animals were randomly assigned to treatment and control groups.

Blinding
The experimenter assessing behavior was different from the experimenter administering injections and was blinded to
treatment.

Replication
Behavioral experiments were conducted in two independent cohorts.

Wild animals
Not applicable.

Field-collected samples
Not applicable.

The corresponding information has also been added to the manuscript Methods and Fig. 5 legend.
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Antibodies
Policy information about antibodies used in the study

Antibody/reagent
Anti-His6-Eu3+ cryptate, used as the HTRF donor reagent.

Supplier
PerkinElmer.

Catalogue number
AD0402.

Application
Mac1 HTRF displacement assay for detection of His6-tagged protein.

Dilution
1:20,000.

Validation
Validated by the manufacturer for HTRF detection of His6-tagged proteins.

Supplier, catalogue number, application, dilution and manufacturer validation are also stated in the author response.
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Software and code details
Confirmed software and instrument-software versions

X-ray data collection

Blu-Ice 5 at ALS beamline 8.3.1.

X-ray processing

XDS, dated 19 Jan 2025, BUILT=20250430; Aimless 0.8.2.

Density/model analysis

PanDDA 0.2.14; COOT 0.8.9.2; phenix.refine 1.21.2_5419.

Structural visualization

PyMOL 3.1.8; ChimeraX 1.8.

Cryo-EM processing

cryoSPARC 4.5.3.

Mac1 instruments

Echo 650 Liquid Handler 3.1.0; EnVision 2105-0010 software 1.14.3049.1193.

Plate-reader analysis

SoftMax Pro 7.

Statistical/data analysis

GraphPad Prism 9.0, 10.0 and 10.0.2; Microsoft Excel 16.99.2.

FEP calculations

Schrodinger FEP+ 2025-2 with the OPLS4 force field.

Cheminformatics/analysis

Corina 3.60; Omega 3.0.1; ChemAxon JChem 21.13; RDKit 2020.09.1; Python 2.7 and 3.7; R 4.2.0 (ggplot2).
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