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Supplementary Fig. 1. Overview of cryo-EM for GluK2NpTx8. On the top, 3D reconstruction 

workflow, with a representative micrograph and 2D class averages. At the bottom, the local 

resolution presented as coloring of the GluK2NpTx8 map, FSC curve, and Euler angle distribution of 

particles contributing to the final reconstruction, with larger red cylinders representing orientations 

comprising more particles. 
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Supplementary Fig. 2. Overview of cryo-EM for GluK2PhTx74. On the top, 3D reconstruction 

workflow, with a representative micrograph and 2D class averages. At the bottom, the local 

resolution presented as coloring of the GluK2PhTx74 map, FSC curve, and Euler angle distribution of 

particles contributing to the final reconstruction, with larger red cylinders representing orientations 

comprising more particles. 
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Supplementary Fig. 3. Overview of cryo-EM for GluK2KukoA. On the top, 3D reconstruction 

workflow, with a representative micrograph and 2D class averages. At the bottom, the local 

resolution presented as coloring of the GluK2KukoA map, FSC curve, and Euler angle distribution of 

particles contributing to the final reconstruction, with larger red cylinders representing orientations 

comprising more particles. 
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Supplementary Fig. 4. Overview of cryo-EM for GluK2SPM. On the top, 3D reconstruction 

workflow, with a representative micrograph and 2D class averages. At the bottom, the local 

resolution presented as coloring of the GluK2SPM map, FSC curve, and Euler angle distribution of 

particles contributing to the final reconstruction, with larger red cylinders representing orientations 

comprising more particles. 
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Supplementary Fig. 5. Cryo-EM density. a, Fragments of the GluK2PhTx74 TMD with the structural 

model shown as a ribbon and sticks and the corresponding cryo-EM density as a blue mesh. b-c, 

Representative GluK2PhTx74 density for the positive allosteric modulator BPAM (b), lipids cholesterol 

and phosphatidylcholine (PC), and N546-linked carbohydrate (c), with the molecular models shown 

in sticks (yellow). d-e, Closeup view of the blocker binding site in GluK2NpTx8, GluK2PhTx74, 

GluK2KukoA and GluK2SPM, with density for the channel blockers and the surrounding protein shown 

as red and blue mesh, respectively. The protein model is shown in yellow. One fitted blocker 
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molecule (d) is shown in green, while its three equivalent poses obtained via 90-degree rotations 

around the axis of local 4-fold rotational symmetry (e) are shown in grey. Only two subunits (A and 

C) are shown for the protein, with the other two subunits (B and D) removed for clarity. f, 

Intracellular view of the same region as shown in e but with all four protein subunits present. 
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Supplementary Fig. 6. Closed conformation of the ion channel pore. a-c, Pore-forming 

domains M2 and M3 in GluK2NpTx8 (a), GluK2PhTx74 (b), GluK2KukoA (c) and GluK2SPM (d), with the 

residues lining pore shown as sticks. Only two (A and C) of four subunits are shown, with the front 

and back subunits (B and D) omitted for clarity. The pore profile is shown as a space-filling model 

(grey). e, Pore radius for GluK2Closed (black; PDB ID: 8FWS), GluK2NpTx8 (blue), GluK2PhTx74 (green), 

GluK2KukoA (violet), GluK2SPM (orange) and GluK2Open (red; PDB ID: 9B35) calculated using HOLE. 

The vertical dashed line denotes the radius of a water molecule, 1.4 Å. 
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Supplementary Fig. 7. Protein and blocker stability during MD simulations. a, Root-mean 

square deviation (RMSD) from the initial structures in the production runs for GluK2NpTx8 (blue), 

GluK2PhTx74 (green), GluK2KukoA (violet) and GluK2SPM (orange) systems. For each system, Cα 

RMSDs of the M1-4 TMD segments are shown. b, RMSDs of the blocker molecules NpTx-8 (blue), 

PhTx-74 (green), KukoA (violet) and SPM (orange), from the initial conformations in the production 

runs of corresponding systems. The alignment was done by the TMD helices and the heavy-atom 

RMSDs of the blockers in each system are shown. 
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Supplementary Table 1. Heavy-atom contact frequencies between the channel blockers 

and key protein residues during the simulations. Contacts that lasted for less than 60% of the 

simulation are not shown. 
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Supplementary Table 2. List of hydrogen bond interactions between the channel blockers 

and the binding site residues. Duty fraction refers to the percentage of frames in which a given 

hydrogen bond is present in the trajectory. Hydrogen bonds that persist less than 20% of the 

trajectory are not listed. Single asterisk (*) indicates the alternating hydrogen bond atoms within 

the same residue. Double asterisk (**) indicates the alternating hydrogen bonds among the 

subunits. 
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Supplementary Table 3. List of hydrophobic interactions between the channel blockers and 

the hydrophobic side chains of the binding site residues. Duty fraction refers to the percentage 

of frames in which a given hydrophobic contact is present in the trajectory. Contacts that persist 

less than 20% of the trajectory are not listed. 




