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Computational and Experimental Insights on the Interaction of Artemisinin, Dihydroartemisinin and Chloroquine with SARS-CoV-2 Spike Protein Receptor-Binding Domain (RBD)

[bookmark: _GoBack]The mechanism of host cell invasion of severe acute respiratory syndrome coronavirus-2 SARS-CoV-2 is connected with the interaction of spike protein (S) with angiotensin-converting enzyme 2 (ACE2) through receptor-binding domain (RBD). Small molecules targeting this assembly are being investigated as drug candidates to contrast SARS-CoV-2. In this context, chloroquine, an antimalarial agent proposed as a repurposed drug to treat coronavirus disease-19 (COVID-19), was hypothesized to bind RBD among its other mechanisms. Similarly, artemisinin and its derivatives are being studied as potential antiviral agents. In this work, we investigated the interaction of artemisinin, its metabolite dihydroartemisinin and chloroquine with RBD by means of computational tools and in vitro. Docking studies showed that the compounds interfere with the same region of the protein and molecular dynamics (MD) simulations demonstrated the stability of the predicted complexes. Bio-layer interferometry showed that chloroquine dose-dependently binds RBD (KD = 35.9 M) more efficiently than artemisinins.
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Computational studies
Docking
The structure of the macromolecular target was obtained from the RCSB Protein Data Bank (www.rcsb.org, PDB ID: 6VSB). Target and ligands were prepared for the blind docking experiments which were performed using Autodock Vina (Molecular Graphics Laboratory, Department of Integrative Structural and Computational Biology, The Scripps Research Institute, CA, USA) (Trott and Olson 2010). R-chloroquine was used in these studies. Output data (energies, interaction patterns) were analyzed and scored using UCSF Chimera molecular viewer (Pettersen et al. 2004), which was also used to produce the artworks. Values are expressed in kcal/mol and refer to the most favored predicted pose. Binding site analysis was performed using DeepSite (Jiménez et al. 2017).

Molecular dynamics (MD) simulations
Molecular dynamics simulations were carried out using PlayMolecule (Accelera, Middlesex, UK) starting from the output models of docking experiments. Ligand was prepared by running Parametrize function based on GAFF2 force field (Galvelis et al. 2016). The complex was prepared for the simulation using ProteinPrepare and SystemBuilder functions, setting pH = 7.4, AMBER force field and default experiment parameters (Martínez-Rosell et al. 2017). A simulation of 25 ns was carried out using SimpleRun, with default settings (Doerr et al. 2018). Calculation of average root mean square deviation (RMSD) and standard deviation was performed using Excel 15.31 (Microsoft, WA, USA).
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Figure S1. Predicted ligand binding sites on RBD. Site 1: residues 417-518; site 2: residues 338-374; site 3: residues 377-415.
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Figure S2. Detailed view of the predicted interaction pattern for chloroquine (red), artemisinin (green) and dihydroartemisinin (blue) with RBD.
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Figure S3. RMSD trajectories, represented for ligands and proteins, for RBD-artemisinin, RBD-dihydroartemisinin and RBD-chloroquine complexes.


Bio-layer interferometry
Tested compounds were diluted to opportune concentrations (1-100 μM) with PBS. Purified SARS-CoV-2 RBD peptide (Sino Biological, China) was conjugated with biotin using EZ-LinkTM Sulfo-NHS-Biotin (Genemore, China) following the manufacturer’s protocol. Then, the biotinylated SARS-CoV-2 RBD peptide was immobilized onto Super Streptavidin (SSA) biosensors (Fortebio, USA). As for ACE2-His (Sino Biological, China), the protein was immobilized onto the biosensor coated with nickel-nitrilotriacetic acid (Ni-NTA, Fortebio, United States). After washing (60 seconds) and baseline step with PBS containing 2% DMSO (Sigma, USA), biosensor tips were immersed into the wells containing serial dilutions and allowed to associate (300 seconds). A dissociation step was then performed (300 seconds). KD values were calculated using a 1:1 binding model in Data Analysis Software 9.0 (Fortebio, USA).
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Figure S4. Bio-layer interferometry study for the interaction of chloroquine with RBD. KD = 3.59 x 10-5 M; kon = 2.27 x 104 1/Ms; kdis = 8.15 x 10-1 1/s; R2 = 0.9827.
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Figure S5. Bio-layer interferometry study for the interaction of artemisinin with RBD. KD = 5.14 x 10-5 M; kon = 8.55 x 105 1/Ms; kdis = 4.38 x 101 1/s; R2 = 0.6264.
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Figure S6. Bio-layer interferometry study for the interaction of dihydroartemisinin with RBD. KD = 6.65 x 10-4 M; kon = 3.33 x 103 1/Ms; kdis = 2.21 1/s; R2 = 0.5210.
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Figure S7. Bio-layer interferometry study for the interaction of chloroquine with ACE2. KD = 6.04 x 10-1 M; kon = 2.32 x 101 1/Ms; kdis = 1.40 1/s; R2 = 0.8560.
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Figure S8. Top panel: Bio-layer interferometry study for the interaction of artemisinin with ACE2. KD < 1.10 x 10-12 M; kon = 5.18 x 101 1/Ms; kdis = 1.00 x 107 1/s; R2 = 0.1768. Bottom panel: Bio-layer interferometry study for the interaction of artemisinin with ACE2. KD = 3.77 x 1018 M; kon = 3.73 x 10-7 1/Ms; kdis = 1.40 x 1012 1/s; R2 -.
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