
1 

Supporting Materials 

Solving an Old Puzzle: Elucidation and Evaluation of 

the Binding Mode of Salvinorin A at the Kappa Opioid 

Receptor 

Kristina Puls and Gerhard Wolber* 

Department of Biology, Chemistry and Pharmacy, Institute of Pharmacy, Freie 

Universität Berlin; Königin-Luise-Str. 2+4, 14195 Berlin, Germany

*Correspondence: gerhard.wolber@fu-berlin.de (G.W.), Tel.: +49-30-838-52686



2 

 

 
Figure S1. Root mean square deviation of SalA (1) in complex with the kappa opioid receptor 

(KOR) over the simulation time. 
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Figure S2. Root mean square deviation of the KOR backbone atoms in complex with SalA (1) 

over the simulation time. 
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Figure S3. Sequence identity and similarity of the full sequence of KOR, MOR, DOR, and NOP. 
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Figure S4. Protein-ligand interactions (A) and binding mode (B) of 2 (orange) at the KOR in 

comparison to SalA (blue). Y3.33 denotes to Y1393.33, CECL2 to C210ECL2, and I6.55 to I2946.55. 

Interactions types are abbreviated with HBA for hydrogen bond acceptor and HY for 

hydrophobic contact. 
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Figure S5. Protein-ligand interactions and binding mode of 3 (A, B, orange) and 4 (C, D, orange) 

at the KOR in comparison to SalA (blue). Y3.33 denotes to Y1393.33, CECL2 to C210ECL2, and I6.55 to 

I2946.55. Interactions types are abbreviated with HBA for hydrogen bond acceptor and HY for 

hydrophobic contact. 
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Figure S6. Protein-ligand interactions (A) and binding mode (B) of 5 (orange) at the KOR in 

comparison to SalA (blue). Y3.33 denotes to Y1393.33, CECL2 to C210ECL2, and I6.55 to I2946.55. 

Interactions types are abbreviated with HBA for hydrogen bond acceptor, HY for hydrophobic 

contact, HBD for hydrogen bond donor, and PI for positive charged interaction. 
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Figure S7. Protein-ligand interactions (A) and binding mode (B) of 6 (orange) at the KOR in 

comparison to SalA (blue). Y3.33 denotes to Y1393.33, CECL2 to C210ECL2, and I6.55 to I2946.55. 

Interactions types are abbreviated with HBA for hydrogen bond acceptor and HY for 

hydrophobic contact. 
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Figure S8. Protein-ligand interactions (A) and binding mode (B) of 7 (orange) at the KOR in 

comparison to SalA (blue). Y3.33 denotes to Y1393.33, CECL2 to C210ECL2, and I6.55 to I2946.55. 

Interactions types are abbreviated with HBA for hydrogen bond acceptor and HY for 

hydrophobic contact. 
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Figure S9. Root mean square deviation of RB-64 (7) in complex with the KOR over the 

simulation time. 
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Figure S10. Root mean square deviation of the KOR backbone atoms in complex with RB-64 (7) 

over the simulation time. 
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Table S1. Energy calculations performed for the docking poses of SalA and RB64 bounded to 

the KOR. 

 

RBFE 

Software Calculation 
ΔG complex 

(kcal/mol) 

ΔG solvent 

(kcal/mol) 

RBFE 

(kcal/mol) 

Openfe [1] 

Alchemical 

transformation 

of SalA into RB-

64 bound to 

KOR 

-27.273 ± 0.379 -25.059 ± 0.016 -2.214 ± 0.395 

Schrödinger 

Ligand FEP [2,3] 

Free energy 

perturbation 

turning RB-64 to 

SalA bound to 

KOR, 

respectively 

-2.020 ± 0.202 -2.519 ± 0.214 0.499 ± 0.416 

ABFE 

Software Calculation 
ABFE 

(kcal/mol) 

Difference in ABFE 

(kcal/mol) 

YANK [4] 

Binding free 

energy of SalA 

bound to KOR 

-16.637 ± 0.961 
|ABFE(SalA)| – |ABFE(RB-64)| 

 

= -3.817 ± 2.03 
Binding free 

energy of RB-64 

bound to KOR 

-20.454 ± 1.069 

 

The abbreviations RBFE and ABFE refer to relative and absolute binding free energy. All 

methods predicted the binding of RB-64 to the active state KOR crystal structure (PDB-ID 6B73 

[5]) favorable over the binding of SalA. The negative RBFE value in the case of openfe, where 

SalA is alchemically transformed into Rb-64, indicates that the latter (Rb-64) is favored over the 

first (SalA). The positive RBFE value in the case of Schrödinger Ligand FEP, where RB-64 is 

transformed into SalA, indicates the favorable binding of the first (RB-64) over the latter (SalA). 

In the case of YANK the absolute binding free energy of the two complexes, SalA or RB-64 

bound to KOR, was calculated and compared. The more negative value for the RB-64 bound 

complex indicates an energetic improvement of the RB-64 bound state over the SalA-bound 

state. 
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Figure S11. Protein-ligand interactions and binding mode of 8 (A, B, orange) and 9 (C, D, 

orange) at the KOR in comparison to SalA (blue). 8 is shifted in the binding side and shows an 

alternative Y1393.33, CECL2 to C210ECL2, and I6.55 to I2946.55. Interactions types are abbreviated with 

HBA for hydrogen scaffold orientation while 9 shows a reversed orientation compared to SalA. 

Y3.33 denotes to bond acceptor, HY for hydrophobic contact, HBD for hydrogen bond donor, NI 

for negative charged interaction, and PI for positive charged interaction. 
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Figure S12. Protein-ligand interactions and binding mode of 10 (A, B, orange) and 11 (C, D, 

orange) at the KOR in comparison to SalA (blue). Y3.33 denotes to Y1393.33, CECL2 to C210ECL2, and 

I6.55 to I2946.55. Interactions types are abbreviated with HBA for hydrogen bond acceptor and HY 

for hydrophobic contact. 
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Figure S13. Protein-ligand interactions (A) and binding mode (B) of 13 (orange) at the KOR in 

comparison to SalA (blue). Y3.33 denotes to Y1393.33, CECL2 to C210ECL2, and I6.55 to I2946.55. 

Interactions types are abbreviated with HBA for hydrogen bond acceptor, HY for hydrophobic 

contact, HBD for hydrogen bond donor, and NI for negative charged interaction. 
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Figure S14. Protein-ligand interactions and binding mode of 14 (A, B, orange) and 15 (C, D, 

orange) at the KOR in comparison to SalA (blue). Y3.33 denotes to Y1393.33, CECL2 to C210ECL2, and 

I6.55 to I2946.55. Interactions types are abbreviated with HBA for hydrogen bond acceptor and HY 

for hydrophobic contact. 
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Figure S15. Protein-ligand interactions (A) and binding mode (B) of 16 (orange) at the KOR in 

comparison to SalA (blue). Y3.33 denotes to Y1393.33, CECL2 to C210ECL2, and I6.55 to I2946.55. 

Interactions types are abbreviated with HBA for hydrogen bond acceptor and HY for 

hydrophobic contact. 
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Figure S16. Protein-ligand interactions (A) and binding mode (B) of 17 (orange) at the KOR in 

comparison to SalA (blue). Y3.33 denotes to Y1393.33, CECL2 to C210ECL2, and I6.55 to I2946.55. 

Interactions types are abbreviated with HBA for hydrogen bond acceptor and HY for 

hydrophobic contact. 
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Figure S17. Protein-ligand interactions and binding mode of 18 (A, B, orange) and 19 (C, D, 

orange) at the KOR in comparison to SalA (blue Y3.33 denotes to Y1393.33, CECL2 to C210ECL2, and 

I6.55 to I2946.55. Interactions types are abbreviated with HBA for hydrogen bond acceptor and HY 

for hydrophobic contact. 
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