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1. Motivation

Up until today, there is no designated drug that could inhibit SARS-CoV-2 virus effectively in the market (Drew & Janes, 2020). The utilization of the boraadamantane compounds are considered to be a solution for the COVID-19 drug design effort because it is previously working with other coronaviruses, and other respiratory virus such as influenza virus. Moreover, the organometalloid compounds are still underutilized in COVID-19 research, so it is considered as a novel approach (Hartinger et al., 2012).
With more than 250 million positive cases and the fatality rate approaching 6 million, COVID-19 is the most pressing global challenge that must be resolved immediately(WHO, 2020). More than 600 clinical trials on various types of repurposed drugs and drug candidates are being carried out around the world focusing on testing the effectiveness of these compounds. We pick the 1-boraadamantane and derivates compounds first because this molecule class is the most abundant among boraadamantanes(Bourque et al., 2015).
The scientific objective of this research is to prove that the adamantane boron (boraadamantane) based compounds could be elicited as feasible drug candidates for COVID-19. Boraadamantane compounds have been shown to elicit antiviral activity in the lab assay. Moreover, the technological objective of this project is to provide a prototype of drug candidates that is ready for the clinical trial (Bourque et al., 2015; Zarin et al., 2016).
The novelty of this research is the utilization of inorganic-based boron compounds, the boraadamantane, as drug candidates for COVID-19 with a nanotechnology approach (Figure 1). Based on the current literature, the adamantane-based compounds have successfully inhibited both dengue and influenza viruses in the in vitro setting(Fort & von Schleyer, 1964; OI et al., 1993; Tanner et al., 2005; Wei et al., 2009). However, there are no conclusive studies yet for adamantane-based compounds in the inhibition of the SARS-CoV-2 virus. Although dengue, influenza, and coronavirus are from a different viral species, it is worth exploring whether the adamantane-based compounds, especially the boron-enriched one, could be applied to inhibit SARS-CoV-2 virus as well, at least in the in vitro setting. Based on previous research, the adamantane compound is known to inhibit the helicase enzyme in the SARS virus (One of the coronavirus families) as well (Tanner et al., 2005). 
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Figure 1: The example of the Boraadamantane compound, 1-Boraadamantane (Taken from https://pubchem.ncbi.nlm.nih.gov/compound/3297691#section=Structures ) 

2. Methodology
The methodology was inspired and modified from exisiting pipeline(Arba et al., 2020; Bakri et al., 2014; Natalia & Tambunan, 2019; Tambunan et al., 2016, 2019; Vanmeert et al., 2019)
1. Deep Learning Validation:  The Big data annotation of drug database will be employed to determine whether the adamantane boron is a suitable drug candidate for COVID-19. This method will screen for millions of lead compound, including the boraadamantane, to validate the previous biological claim. Search for the ‘1-boraadamantane’ and derivates SDF and JPEG files in the pubchem database (https://pubchem.ncbi.nlm.nih.gov/). Convert the SDF files into PDB, and minimize their energy with optimize geometry function in avogadro (specific parameters should be devised). Rough 3D geometry was built automatically
2. QSAR Analysis: It is required to determine whether the Adamantane boron compounds can bind to the selected protein. We expect that they will bind to the helicase enzyme, but it should be tested. The QSAR analysis will make sure that the adamantane boron will bind to a specific protein target. Deployed parameters: Force field: UFF; Steps per update: 4; Algorithm: Steepest Descent; Need 10 minutes for each ligand. Use PASS QSAR server to predict the biological reactivity of the ligand, and search for the possible antiviral activity http://www.pharmaexpert.ru/passonline. The Downloaded SMILE format annotations of the ligands was uploaded to the server.
3. Sequence Analysis: The protein sequences will be downloaded from the NCBI website. After the protein target is determined, it is necessary to determine the protein domain that the drug candidate will bind to. This information is necessary to comprehend the evolutionary function of the protein annotation. 
4. Structural Analysis: The availability of the protein structure will be searched in the RCSB database (www.rcsb.org). If there are no available protein structures, the homology modeling method will be employed. This method is important to predict the unknown 3D structure of a protein based on the existing 3D templates in the available database. Use UCSF Chimera tools to add hydrogen and optimize geometry of the PDB file (specific parameters should be devised). Use grep "^ATOM" complex.pdb > protein.pdb to clean the protein from organic molecules, water, and buffer. Because water, ligand, and ions entry in the PDB always start with HETAM. To make sure, compare the complex PDB with the clean PDB in Chimera. Use ‘addH’ parameter in structure editing menu. Parameters: Consider each model, consider H-bond, and residue name based. Use ‘minimize structure’ parameter in structure editing menu. Parameters: Steepest decent steps: 100; Steepest descent step size: 0.02; Conjugate gradient steps: 10; Conjugate gradient step size : 0.02; Update interval:10; Fixed atoms: none; Checked ‘Memorize options”
5. Ligand and Protein Preparation:  The library of the adamantane boron compounds will be downloaded from both Pubchem (https://pubchem.ncbi.nlm.nih.gov/) and drugbank (https://www.drugbank.ca/) database. Then, the compounds data will be curated with marvinsketch or chemsketch application to determine whether their structural and atomic curation are correct. The same procedure will be applied for the protein structure as well. This method is important to ensure that both the ligand and protein structural data is ready for the next steps. Search for ‘SARS-CoV-2 Helicase’ (based on wet lab) and ‘SARS-CoV-2 Protease’ (Golden standard in SARS-CoV-2 Molecular simulation) enzymes in the PDB database (http://www.rcsb.org/)
6. Molecular Docking: This method will be useful to examine whether the adamantane boron compound can bind to the targeted protein. If they bind well, the dynamics simulation can be utilized to further elaborate the binding. Use the standard ligand of docking. Utilize 5,6,7-trihydroxy-2-phenyl-4H-chromen-4-one (PDB ID: 3WL) as the standard, because it docked naturally to the 3CL Protease enzyme. Use PDB ID: 6m2n. Use patchdock version beta 1.3 application. Clustering RMSD: 4 angstrom. Complex type: default.
7. Molecular Dynamics: This method is useful to examine the stability of the protein-ligand binding. If the stability test was passed, it can proceed to the wet laboratory experiment. 

3. Result and Discussion

	Based on the QSAR Analysis, the protocol has shown that all compounds got “3C-like protease (Human coronavirus) inhibitor” properties in significant direction. Based on wet experiment, 3C-like protease enzyme is generic in a sense that the inhibitor could bind to the others as well. In this regard, forwarding to the molecular docking simulation is doable. 
	The Molecular Docking protocol shows that all the compounds could bind stronger and better to the SARS-CoV-2 Helicase enzyme than the standard (Figure 2). This is a good gesture that the compounds could be potentially applied in the in vitro setting. In the figure 2, the selected compounds were elicited with the PUBCHEM CID annotation that could be searchable in the PUBCHEM database. 
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Figure 2 : Helicase enzyme of SARS-CoV-2 docking with a) 3WL standard b) Compound CID_12539988 c) CID_90924256 d) CID_100957746 e) CID_100957747 f) CID_101342362 g) CID_101483853 h) CID_129879284  

4. Provisional Conclusion
	The protocol could produce a fine-grained adamantane borane derivate compound with the SARS-COV-2 helicase enzyme. However, tuning the parameter for a deeper QSAR analysis and molecular simulation are necessary to improve the fidelity of the pipeline, and for preparing the in vitro experiment accordingly. 
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