
1 
 

Supplementary Information 

 

First In Silico Screening of Insect Molecules for 
Identification of Novel Anti-Parasitic Compounds 

Tom L. Gallinger 1, Samuel Y. Aboagye 2, Wiebke Obermann 1, Michael Weiss 3, Arnold Grünweller 
1, Carlo Unverzagt 3, David L. Williams 2, Martin Schlitzer 1, Simone Haeberlein 4,* 

1 Department of Pharmaceutical Chemistry, Philipps University Marburg, Marburg, 
Germany 

2 Department of Microbial Pathogens and Immunity, Rush University Medical Center, 
Chicago, Illinois, United States 

3 Bioorganic Chemistry, University of Bayreuth, Bayreuth, Germany 
4 Institute of Parasitology, Justus Liebig University Giessen, Giessen, Germany 

* Correspondence: simone.haeberlein@vetmed.uni-giessen.de; Tel.: +49-6419938476 
 

 

 

Table of Contents     Page 
 

Docking Results of Ligand 1    2 

Docking Results of Ligand 2    3 

Docking Results of Ligand 3    4 

Docking Results of Ligand 4    5 

Docking Results of Ligand 5    6 

Docking Results of Ligand 6    7 

Docking Results of Ligand 7    8 

Docking Results of Ligand 8    9 

Docking Results of Ligand 9    10 

Docking Results of Ligand 10    11 

Redocking of 1,8-naphthyridine-2-carboxylate (A1) 12 

 

 

  



2 
 

Docking Results of Ligand 1 
 

   
Figure S1. Interactions between 1 and SmTGR displayed as docking pose (a) and PLIP analysis (b). The part of the 
molecule occupying the doorstop pocket is predicted to interact with THR471 and 472 and TYR296 by hydrogen 
bonding and π-π interactions (TYR296) as well as hydrophobic interactions (TYR296, PHE324). The central amide 
moiety shows hydrogen bonding with the main side chain of GLN440. Orange sticks – insect molecule, yellow 
sticks – FAD, dashed grey lines – hydrophobic interactions, blue lines – hydrogen bonds, dashed green lines – π-
stacking (parallel), orange dashed lines – salt bridge. 

 

Table S1: Interactions between 1 and SmTGR as observed in the PLIP analysis. 
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Docking Results of Ligand 2 
 

   
Figure S2. Interactions between 2 and SmTGR displayed as docking pose (a) and PLIP analysis (b). Compared to 
the interactions described for 1 in SI Figure 1, analysis of ligand 2 revealed that its terminal amide-NH is able to 
form a hydrogen bond with the main chain GLY483 carbonyl oxygen but not with TYR296. This ligand is thereby 
also targeting the HEPE subpocket. Orange sticks – insect molecule, yellow sticks – FAD, dashed grey lines – 
hydrophobic interactions, blue lines – hydrogen bonds, dashed green lines – π-stacking (parallel), orange dashed 
lines – salt bridge. 

 

Table S2: Interactions between 2 and SmTGR as observed in the PLIP analysis. 
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Docking Results of Ligand 3 

    
Figure S3. Interactions between 3 and SmTGR displayed as docking pose (a) and PLIP analysis (b). Compared to 
the docking pose described for 1 in SI Figure 1, analysis of ligand 3 revealed that this isomer does not stick out to 
the left (HEPE subpocket) or right (NADPH subpocket), but rather upwards. By doing this, it is able to undergo 
additional hydrogen bonds with GLN440-NH and LYS438. Orange sticks – insect molecule, yellow sticks – FAD, 
dashed grey lines – hydrophobic interactions, blue lines – hydrogen bonds, dashed green lines – π-stacking 
(parallel), orange dashed lines – salt bridge. 

 

Table S3: Interactions between 3 and SmTGR as observed in the PLIP analysis. 
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Docking Results of Ligand 4 
 

  
Figure S4. Interactions between 4 and SmTGR displayed as docking pose (a) and PLIP analysis (b). The quinoline 
ring of 4 is occupying the doorstop pocket through π-π interactions (parallel displaced, charge transfer) and 
hydrophobic effects. The arginine residue interacts in a salt bridge with the carboxylate of ASP488 and in a 
hydrogen bond with the carbonyl oxygen of GLY323. This chain is thereby also targeting the HEPE subpocket. 
Orange sticks – insect molecule, yellow sticks – FAD, dashed grey lines – hydrophobic interactions, blue lines – 
hydrogen bonds, dashed green lines – π-stacking (parallel), orange dashed lines – salt bridge. 

 

Table S4: Interactions between 4 and SmTGR as observed in the PLIP analysis. 
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Docking Results of Ligand 5 

 

   
Figure S5. Interactions between 5 and SmTGR displayed as docking pose (a) and PLIP analysis (b). The part of the 
molecule occupying the doorstop pocket is predicted to interact with THR471 and 472 and TYR296 by hydrogen 
bonding and π-π interactions (TYR296) as well as hydrophobic interactions (TYR296). Ligand 5 binds with its 
phenolic OH-groups to the side chain GLN440-NH2 and TYR296-OH and thus keeps the TYR296 in this position. 
Orange sticks – insect molecule, yellow sticks – FAD, dashed grey lines – hydrophobic interactions, blue lines – 
hydrogen bonds, dashed green lines – π-stacking (parallel), orange dashed lines – salt bridge. 

 

Table S5: Interactions between 5 and SmTGR as observed in the PLIP analysis. 
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Docking Results of Ligand 6 

   
Figure S6. Interactions between 6 and SmTGR displayed as docking pose (a) and PLIP analysis (b). Occupation of 
the doorstop pocket is comparable to 5 but ligand 6 sticks out towards the HEPE subpocket and interacts with the 
main chain of GLN440. Orange sticks – insect molecule, yellow sticks – FAD, dashed grey lines – hydrophobic 
interactions, blue lines – hydrogen bonds, dashed green lines – π-stacking (parallel), orange dashed lines – salt 
bridge. 

 

Table S6: Interactions between 6 and SmTGR as observed in the PLIP analysis. 
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Docking Results of Ligand 7 
 

 
Figure S7. Interactions between 7 and SmTGR displayed as docking pose (a) and PLIP analysis (b). One pyrrole-2-
carboxylate unit of ligand 7 is able to form π-π interactions (parallel displaced) with PHE324 and the methoxy 
benzene ring with TYR296. The pyrrole-NH also forms a hydrogen bond with the carbonyl oxygen of GLY323. The 
main chain GLN440-NH is addressed through one glycosidic hydroxy group and the side chain GLN440-NH2 
through the benzoic acid carbonyl group. Thus, 7 is not directly occupying the doorstop pocket, but covers it by 
extending from the HEPE to the NADPH binding pocket. Orange sticks – insect molecule, yellow sticks – FAD, 
dashed grey lines – hydrophobic interactions, blue lines – hydrogen bonds, dashed green lines – π-stacking 
(parallel), orange dashed lines – salt bridge. 

 

Table S7: Interactions between 7 and SmTGR as observed in the PLIP analysis. 
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Docking Results of Ligand 8 

 
Figure S8. Interactions between 8 and SmTGR displayed as docking pose (a) and PLIP analysis (b). The part of the 
molecule occupying the doorstop pocket is predicted to interact with THR472 and TYR296 by hydrogen bonding 
and π-π interactions (TYR296) as well as hydrophobic interactions (TYR296). Analysis of ligand 8 revealed an 
additional π-π interaction with TYR296 (edge to face) and is thereby extending into the NADPH binding site. 
Additionally, the carbonyl oxygen of ligand 8 showed a further hydrogen bonding with the main chain GLN440-
NH as well as the meta hydroxy group with TYR296-OH, while the para hydroxy group remained unclaimed. 
Orange sticks – insect molecule, yellow sticks – FAD, dashed grey lines – hydrophobic interactions, blue lines – 
hydrogen bonds, dashed green lines – π-stacking (parallel), dashed gray lines – π-stacking (edge to face), orange 
dashed lines – salt bridge. 

 

Table S8: Interactions between 8 and SmTGR as observed in the PLIP analysis. 
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Docking Results of Ligand 9 

  
Figure S9. Interactions between 9 and SmTGR displayed as docking pose (a) and PLIP analysis (b). Ligand 9 
occupies the doorstop pocket with its imidazole ring. Although its NH is not directly addressed by an amino acid, 
it could interact with the water molecule 760 located in this subpocket (toggle mode was used during docking, 
allowing water in the binding pocket to be taken into account). The main chain GLN440-NH is addressed through 
the nitrogen of the carboximidate moiety. The glucose unit of ligand 9 extends into the subpocket wherein 
phosphate and sugar residues are stabilized in the NADPH-bound state. In the case of ligand 9, hydrogen bonds 
are formed between the ring-bound oxygen and GLN440-NH2 as well as between the glycosidic hydroxy groups 
and TYR296 and SER295. Orange sticks – insect molecule, yellow sticks – FAD, dashed grey lines – hydrophobic 
interactions, blue lines – hydrogen bonds, dashed green lines – π-stacking (parallel), orange dashed lines – salt 
bridge. 

 

Table S9: Interactions between 9 and SmTGR as observed in the PLIP analysis.
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Docking Results of Ligand 10 
 

  
Figure S10. Interactions between 10 and SmTGR displayed as docking pose (a) and PLIP analysis (b). The part of 
the molecule occupying the doorstop pocket is predicted to interact with THR471 by hydrogen bonding and π-π 
interactions (PHE324) as well as hydrophobic interactions (TYR296, PHE324). Analysis of ligand 10 revealed a 
hydrogen bond between the carbonyl oxygen and the main chain GLN440-NH. Additionally, ligand 10 shows a π-
π interaction (parallel displaced) with PHE324 and thus additionally occupies the HEPE subpocket. Orange sticks 
– insect molecule, yellow sticks – FAD, dashed grey lines – hydrophobic interactions, blue lines – hydrogen bonds, 
dashed green lines – π-stacking (parallel), orange dashed lines – salt bridge. 

 

Table S10: Interactions between 10 and SmTGR as observed in the PLIP analysis. 
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Comparison of docking pose of 1,8-naphthyridine-2-carboxylate (A1) with the crystal structure 
 

 
Figure S11. Docking of 1,8-naphthyridine-2-carboxylate (A1) in SmTGR to validate the docking procedure. The 
binding pose obtained in the docking (grey sticks) is comparable to A1 (orange sticks) in the crystal structure (6FP4). 

 


