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ABSTRACT

SARS CoV-2 a pandemic influenza like infectious disease emerged in December 2019 has
spread throughout the world within few months. Scientists are trying their best to find
medicine and vaccine. Usnic acid and its derivatives as herbal supplements are widely used
as mouth wash, cosmetics, antiviral agents. In this study, usnic acid and its derivative-
sodium usnate in comparison with favipiravir are docked with main protease and spike
protein RBD 6MO0J of SARS Cov-2. Usnic acid and sodium ushate exhibit better binding
affinities for main protease and spike RBD. The data has been compared with favipiravir.
Favipiravir, usnic acid, sodium usnate shows binding affinity of -4.25, -8.05 and -8.55
kcal/mol respectively with main protease. While favipiravir, usnic acid and sodium usnate
exhibit binding affinities of -4.25, -6.02 and -6.53 kcal/mol with spike RBD respectively.
One of the interesting features is that the inhibition constant values of usnic acid is 1.27 uM
and sodium usnate is 539.86 nM in comparison to favipiravir (764.13 pM) with main

protease.
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Introduction

SARS CoV-2 a pandemic influenza like infectious disease emerged in December 2019 spread
throughout world within few months. It has resulted in half million deaths worldwide. By forcing
countries to lockdown for weeks to months it has created an economic depression. SARS CoV-2
has taken full priority not only in medical but in every aspects of life. Hence scientists are trying
their best to find medicine and vaccine. The coronavirus main protease (MP) plays a major role

in viral gene expression and replication which has become a main target for developing anti-CoV



drug. Hence molecular docking studies with main protease has open up a gateway for further

studies regarding its potential use as medicine and drug design [1-2].

SARS CoV-2 consists of mainly four structural proteins: Spike (S), envelope (E), membrane (M)
and nucleocapsid (N) proteins of which, spike protein attaches to host cell membrane to infuse
viral component into it. Hence it plays a vital role in the initial steps of viral binding. In spike
protein, especially receptor binding domain is of interest as it binds strongly to human
angiotensin-converting enzyme 2 (ACE2) receptors promoting a way for viral replication [3].
Several drugs have been tested for SARS-CoV-2 of which prominently used ones are
hydroxychloroquinone, remdesivir and favipiravir [4-6]. Even though the above drugs have been
used their efficacy in treatment is not up to the mark. Scientists have screened the existing and
FDA approved drugs for their binding ability to SARS CoV-2 using molecular docking studies.
Also using molecular docking and dynamic studies, several phytochemical components have also
been examined for their utility in the treatment of SARS CoV-2. Usnic acid a furandione found
naturally in lichens, a fungus integrated with algae, an herbal supplement is widely used in
cosmetic, deodorants, toothpaste, mouth wash, medicinal creams, lozenges [7-9]. Traditionally it
is used in herbal medicines as analgesic, antiviral, antibacterial, antifungal, anti-inflammatory,
anticoagulant, antipyretic, headache, oral hygiene, antiparasitic etc [10-13]. In Chinese
traditional medicines it is used in treatment of bronchitis and for thyroid cancers [9]. Also used
in native american medicine and european traditional medicines. Sodium usnate being used in
anti dandruff products, deodorant and acne-prone skin cosmetic applications when taken about
300-1350 mg orally daily for weeks has led to severe hepatotoxicity [14-15]. Its toxicity is
linked with to its hydrophobic characteristics and low solubility in aqueous medium at higher
dosage. Studies have been conducted to improve its bioavailability to reduce the dosage, toxicity
and increase its solubility. Recently the application of usnic acid and its derivatives has increased
significantly in biological and pharmaceutical field [16-19]. It has been demonstrated that usnic
acid inhibits inflammatory response and prooxidant damage in pulmonary tissue mice infected
with pulmonary fibrosis as a therapeutic against pulmonary disease [16]. Studies on usnic acid
encapsulated into lipid-based, polymeric and non-organic micro- and/or nanocarriers, as potential
drug delivery systems are some efforts are in process to overcome its limitations [12, 20].
Sodium usnate, copper usnate, potassium salt of usnic acid are some of its derivatives. In this

article, usnic acid and sodium usnate are docked with SARS CoV-2 main protease and SARS



CoV-2 RBD spike protein. Favipiravir is currently used in medication of SARS COV-2 has been
compared with usnic acid and its derivatives using docking studies. The results show that usnic
acid and its derivatives bind to both main protease and spike protein active sites of SARS Cov-2
with better affinity and exhibit lower inhibition constant in comparison to favipiravir.

Methods

Molecular docking studies

Receptor-binding domain/RBD of the spike protein of SARS-CoV-2 (PDB ID. 6MO0J) and
Proteins/Macromolecules SARS COV 2 3CLpro/Mpro (PDB ID. 6LU7) structures were
retrieved from website https://www.rcsb.org/ in PDB format. Ligand molecules-usnic acid and
sodium usnate in SDF formats were collected from PubChem database. Main protease 6LU7,
RBD protein 6MO0J and ligands were separately prepared. Amino acids His-41, Cys-145 and
GIn-189 were chosen as active sites for main protease from the reported data and confined in the
grid box of size 60 x 60 x 60 whereas amino acids LYS417, TYR 449, TYR 489, GLN 493,
TYR 505 were targeted to spike protein RBD as these amino acids are important in ACE-2
binding [2,3]. Binding energies were optimized using search genetic algorithm and Lamarckian
genetic algorithm using Auto Dock tools. The results were analyzed using UCSF chimera

software.

Results and discussion

Table 1 shows molecular structure, molecular weight and rotatable bonds of ligands used to dock
with SARS CoV 2 protein and follows Lipinski’s rule. Docking studies were carried out on
SARS CoV-2 main protease and spike RBD protein with usnic acid, sodium usnate and
favipiravir separately. Among the given conformations of protein ligand interaction only the top
ranked binding energy for the known binding sites was considered. In Table 2 is given the
summary of the docking results.

Usnic acid, sodium usnate and favipiravir binds to the active sites well for both main protease
and spike protein RBD. Usnic acid binds to HIS 163 similar to favipiravir and also forms bond
with CYS 145 for main protease, whereas sodium usnate binds with CYS145, SER144, LEU141
with main protease.

While, usnic acid binds to GLY 496, TYR 449, AGR403, GLN 493, sodium usnate to TYR449,
GLY 496 and favipiravir to GLN 493 and SER 494 in spike protein RBD.



During the docking of ligand with the main protease/spice RBD, the sum of the energies of
ligand and receptor should be greater than the total energy when bound together. This difference
gives us binding free energy and more negative the binding energy, deeper its potential energy
well, and better binding action [21].

Binding affinities of usnic acid and sodium usnate are -8.05 and -8.55 kcal/mol whereas for
favipiravir it is -4.25 kcal/mol on docking with main protease. While the binding affinities of
usnic acid and sodium usnate are -5.62 and -6.27 kcal/mol respectively compared to favipiravir (-
4.25 kcal/mol) with spike protein RBD. Tables 3 and 4 show the statistical mechanical analysis
data and estimated energies of usnic acid, sodium usnhate and favipiravir with main protease and
spike protein RBD respectively. Figure 1 shows usnic acid, sodium usnate and favipiravir
binding with main protease 6LU7 visualized using autodock tools and Chimera. Figure 2 shows
usnic acid, sodium usnate and favipiravir with spike protein RBD 6MO0J.

Inhibition constant K; values provide information about the biochemical activities of the ligands.
Lower the inhibition constant value better will be the ligand efficacy. In this regard, usnic acid
and sodium usnate shows lower inhibition constants compared to favipiravir as seen in table 2.
Sodium usnate shows lowest inhibition constant of 539.86 nM, usnic acid with 1.27 pM
compared to favipiravir having 764.13 uM indicating that sodium usnate has better binding
efficiency for main-protease. While for spike protein RBD, inhibition constants of sodium usnate
and usnic acid are 16.40 uM and 38.75 uM respectively when compared to favipiravir (772.40
HM).

Usnic acid and sodium usnate shows better binding abilities to both main protease and spike
protein RBD 6MO0J compared to favipiravir. Although sodium ushate being toxic is not
recommended for internal usage. But it can be used as external disinfectants as it showed a very
low inhibition constant along with good binding affinity. Also, usnic acid and its derivatives

(potassium usnate) can be further explored for SARS CoV 2.



Table 1. Ligands used to dock with SARS COV 2 proteins.

Ligand/
Compond

Usnic
acid

Sodium
usnate

favipiravir

Molecular structure

Formula Molecular | Rotatable
weight bonds
C1sH1507 344.3 4
gmol™
C1gH15NaO; | 366.3 3
gmol™
CsH4FN3O, | 157.1 2

gmol™




Table 2. Binding affinity, entropy, internal energy, bonds formed and estimated inhibition
constants for ligand-protein interactions.

Compound | Protein or Binding Entropy Bonds formed Estimated
name macromolecule | affinity (A) Inhibition
(kcal/mol) Constant, K;
Favipiravir | 6LU7 -4.25 0.53 ASN 142 2.093 A 764.13 uM
HIS 163 1.842 A
Usnic acid | 6LU7 -8.05 0.22 His 163  1.893 A 1.27 uM
CYS 145 3.418A
Sodium 6LU7 -8.55 0.27 CYS145 1.885 A 539.86 nM
usnate SER144  1.966 A
LEU141 1857 A
Favipiravir | 6MO0J -4.25 0.41 GLN 493 2.000 A 772.40 uM
SER 494 2.075A
Usnic acid | 6M0J -6.02 0.65 GLY 496 2.364 A 38.75 uM
TYR449 1.717A
AGR403  1.957 A
GLN 493 1.847 A
Sodium 6MO0J -6.53 0.56 TYR449  1.986 A 16.40 uM
usnate GLY 496 2401 A




Table 3. Statistical mechanical analysis of ligand protein interactions

Docked with 6L U7 Docked with 6M0J
Statistical Favipiravir Usnic Sodium | Favipiravir Usnic Sodium
mechanical acid usnate acid usnate
analysis
(T =298.15 K)
Partition 10.07 10.13 10.14 10.07 10.10 10.11
function, Q
Free energy, A |-1368.38 -1372.14 | -1372.38 | -1368.35 -1369.86 | -1370.51
(kcal/mol)
Internal energy, |-4.14 -7.90 -8.14 -4.11 -5.62 -6.27
U (kcal/mol)
Entropy, S 4.58 4.58 4.58 4.58 4.58 4.58
(kcal/mol/K)

Table 4. Estimated energy analysis for protein ligand interactions

Docked with 6LU7 Docked with 6M0J
Favipiravir | Usnic acid | Sodium Favipiravir | Usnic acid | Sodium
usnate usnate

Final Intermolecular Energy -4.55 -9.24 -9.45 -4.54 -7.21 -7.42
(kcal/mol)

vdW + Hbond + desolv Energy | -4.49 -9.31 -9.24 -4.45 -6.90 -7.40
(kcal/mol)

Electrostatic Energy -0.06 +0.07 -0.20 -0.09 -0.31 -0.02
(kcal/mol)

Final Total Internal Energy +0.02 -0.91 +0.03 +0.02 -0.61 -0.17
(kcal/mol)

Torsional Free +0.30 +1.19 +0.89 +0.30 +1.19 +0.89
Energy(kcal/mol)

Unbound System's Energy +0.02 -0.91 +0.03 +0.02 -0.61 -0.17
(kcal/mol)




(b)

(c)

Figure 1. (a) Usnic acid, (b) sodium usnate and (c) favipiravir interaction with main protease
6LU7.



(b)

(c)

Figure 2. (a) Usnic acid, (b) sodium usnate and (c) favipiravir with spike protein RBD 6M0J.
Conclusion

Usnic acid products and their herbal supplements have been used for long time due to their
medicinal values. We have reported that usnic acid and its derivative can effectively bind to on



SARS-CoV-2 main protease and spike protein RBD 6MO0J based on docking studies. Binding
affinity values and inhibition constant values are better for SARS coV-2 main protease and spike
protein RBD 6M0J. Sodium usnate even though has been reported to be toxic, its inhibition
constant value is in nanomolar range demonstrating that salts of usnic acid can be effective in
binding to both main protease and spike protein. Also, usnic acid derivatives with more
bioavailability and solubility may be explored for their potentiality as drug molecules towards

SARS CoV-2 and clinical trials may provide supporting data.
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