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Highlights

e TMPRSS2 facilitate the entry of SARS-CoV-2 in the host cell
e Spices have numerous potent anti-viral phytochemicals

e The study identified the phytochemicals (BDMC, carvacrol and thymol) as potent
inhibitor candidates of TMPRSS2

Abstract

Corona Virus Disease (COVID-19) caused by Severe Acute Respiratory Syndrome Coronavirus
2 (SARS-CoV-2) is a pandemic that has claimed so far over half a million human life across the
globe. Researchers all over the world are exploring various molecules including phytochemicals
to get a potential anti-COVID-19 drug. Certain phytochemicals present in some spices are
claimed to possess antiviral, anti-bacterial, and anti-fungal properties. Hence, an in-silico study
was done by selecting eighteen well reported antiviral phytochemicals from some spices
commonly used in Indian kitchen viz. Curcuma longa (Turmeric), Nigella sativa (Black cumin),
Piper nigrum (Black pepper), Trachyspermum ammi (Carom) and Zingiber officinale (Ginger) to
find out whether they can prevent SARS-CoV-2 infection. Firstly, we predicted the structure of
TMPRSS2 (transmembrane protease serine 2), a host protein that truncates spike protein of
SARS-CoV-2 thereby facilitating its endocytosis, and then docked against its catalytic domain
the selected phytochemicals and camostat (a well-known synthetic inhibitor of TMPRSS2).
Thereafter, stability of seven best docked phytochemicals and camostat were scrutinized by
Molecular Dynamic Simulation (MDS). MDS analysis indicated bisdemethoxycurcumin
(BDMC), carvacrol and thymol as better inhibitors than the camostat due to their stable binding

with TMPRSS2 in its oxyanion hole and inducing subtle modification in the spatial arrangement



33  of the catalytic triad residues. Among these three phytochemicals, carvacrol appeared to be the

34 best inhibitor, followed by BDMC, whereas thymol was least effective.
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Introduction

The deadly pandemic pneumonia like Corona Virus Disease (COVID-19) caused by Severe
Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) [1, 2] has spread worldwide with 10
million population affected including around half a million succumbing to death [3]. Presently,
in absence of any known cure for the disease, tremendous efforts are on all over the world to find
out an effective drug from different sources including phytochemicals [4-6]. Certain drugs such
as Remdesivir, Favipiravir, etc. are currently under clinical trials in the fight against SARS-Cov-
2 [7].

The SARS-CoV-2 belongs to Coronavirus family (Coronaviridae), a cluster of viruses mainly
hosted by bats [8]. Three viruses of this family, Middle-East Respiratory Syndrome Coronavirus
(MERS-CoV), Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV) and SARS-CoV-
2) are reported to have crossed the species barrier and become deadly for humans since the dawn
of the 21st century [9-11]. Entry of these viruses into the host cell is facilitated by the binding of
their spike proteins (a highly glycosylated surface protein) to the cellular membrane receptor.
The spike protein of SARS-CoV and the SARS-CoV-2 binds to the host receptor called
Angiotensin-converting enzyme 2 (ACE2), whereas in case of MERS-CoV, it binds to dipeptidyl
peptidase-4 [12]. It is also reported that infection gradient of SARS-CoV-2 in the respiratory
tract is correlated with expression of ACE2 with occurs maximally in the nose and bronchus and
decreases throughout the lower respiratory tract [13]. The spike protein of SARS-CoV-2 has two
domains: S1 (receptor binding domain) and S2 (membrane fusion domain); and a cleavage
between these domains by the host transmembrane protease serine 2 (TMPRSS2) is a pre-

requisite for the entry of these viruses through endocytosis into the host cell [14-16].
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Iwata-Yoshikawa et al. have reported a reduction in  SARS-CoV and MERS-CoV infection in
the absence of TMPRSS2 in mouse [16, 17]. Matsuyama et al. found enhanced infection rates
while activating TMPRSS2 [18]. Hoffmann et al. has reported that inhibition of TMPRSS2 by
camostat mesylate, a synthetic inhibitor approved for clinical use, blocks the entry of SARS-
CoV-2 into the host cell [16, 17]. These studies highlight that TMPRSS2 is one of the prime
targets whose inhibition can prevent spread of these viruses within the host.

Some traditional spices used routinely across the Indian sub-continent are well known for their
medicinal values, antiviral properties and the least side effects [19-25]. Therefore, in the present
study, we selected eighteen well-known antiviral phytochemicals (Table 1) present in some
commonly used spices in Indian kitchens viz. Curcuma longa (Turmeric), Nigella sativa (Black
cumin), Piper nigrum (Black pepper), Trachyspermum ammi (Carom), Zingiber officinale
(Ginger) and camostat, and carried out Molecular Dynamic Simulations (MDS) analysis after
docking them individually against our predicted three dimensional (3D) molecular model of
TMPRSS2 for identifying potential phytochemicals that can alter the catalytic domain of

TMPRSS2.
Materials and Methods

Structure prediction and analysis of TMPRSS2

The protein sequence of TMPRSS2 (Uniprot 1D:015393) was collected from Uniprot [26] and
NCBI blast search was performed against protein data bank (PDB) to find out a suitable structure
for the study. The best available structure showed a sequence identity of 42.56% and a query
coverage of only 48%. In absence of any deposited structure, the structure prediction for

TMPRSS2 was done by an online web server Phyre2 based on multi-template and ab-initio [27].
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The PDB model was then verified by getting Ramchandran plot from an online web server
Procheck [28, 29] . Once the structure was validated, the catalytic domain was considered for

molecular docking followed by MDS analysis.

Docking studies

Anti-viral phytochemicals reported from the spices (Z. officinale, C. longa, T. ammi, N. sativa
and P. nigrum) were obtained through literature review (Table 1) and their three-dimensional

structures were collected from the Pubchem database [30].

Table 1: Phytochemicals from spices used docking with TMPRSS2

Sl. No. | Spice Name | Antiviral Compound PubChem ID | References

1. Trachyspermum ammi (Carom )
Thymol 6989 [23, 31-33]
p-cymene 7463 [34, 35]
y-terpinene 7461 [31]

2. Curcuma longa (Turmeric)
Curcumin 969516 [36]
Bisdemethoxycurcumin (BDMC) | 5315472 [24, 36-38]
Desmethoxycurcumin 5469424 [36]
Tetrahydrocurcumin 124072

3. Zingiber officinale (Ginger)
[6]-Gingerol 442793 [25, 39-42]
[8]-Gingerol 168114




94

95

96

97

98

99

100

101

102

103

104

[10]-Gingerol 168115
[6]-Shogaol 5281794
[8]-Shogaol 6442560
[10]-Shogaol 6442612
4. Piper nigrum (Black pepper)
B-caryophyllene 5281515 [43]
Limonene 22311 [44]
5. Nigella sativa (Black cumin)
B-pinene 14896 [44]
(also present in black pepper)
Carvacrol 10364 [45]
Thymoquinone 10281 [46]

The modelled structure of TMPRSS2 was aligned with Thrombin (4UD9, a serine protease) to
identify its active site and residues. The standard serine protease residue numbers, catalytic triad
of active site residues, and oxyanion hole were also identified and located (Fig. 1A-C;
Supplementary Fig. SF1). To know the binding site of the inhibitor, a 3D structure of Prostasin
(3FVF, a serine protease) complexed with camostat (a well-known inhibitor of TMPRSS2) was
analyzed [47]. The camostat structure was separated from 3FVF and included in the list of
molecules to be docked with TMPRSS2 for comparative analysis. The co-ordinates of catalytic
triad residues (His296, Asp345 and Ser441; residue number are as per TMPRSS2 sequence) and

oxyanion hole of catalytic domain of TMPRSS2 were chosen as the binding site for docking
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studies with a total of 18 phytochemicals along with camostat. For docking purpose, the
preparation of ligand and protein molecules followed by docking search run and analysis were
done by graphical user interface software “AutoDockTools1.5.7” [48]. Autogrid was used to
attain grid box with dimension (56 x 32 x 62 A®) and center at Co atom of Ser441. Further,
autodock4.2 was used with lamarckian genetic algorithm to get the best docking conformations

[49]. The complexes with the best conformations were put under MDS scrutiny.

Molecular Dynamics Simulation (MDS) studies

Gromacs molecular dynamics package [50] was employed to have an insight of the
conformational changes in the catalytic domain of TMPRSS2 in the apo-form and the holo-
forms. The simulations were performed using GROMOS96-54a7 force field while TIP3P water
model with cubic box was used for solvating the models. The topology of the ligands were
obtained from the PRODRG server by submitting their structures [51]. The system’s total charge
calculated was +1 which was neutralized using chloride counter-ions by replacing a water
molecule. The steepest descent algorithm followed by the conjugate algorithm was utilized with
50,000 steps energy minimization of the system. All the bond angles were restrained with the
LINCS algorithm. Equilibration of the solvated system was performed with NVT (constant
number of particles, volume and temperature) followed by NPT (constant number of particles,
pressure and temperature) with 300K and 1.0 atm respectively. Finally, the pre-equilibrated
systems were put on production run for 100ns. Final molecular dynamics trajectories were
analyzed by GROMACS analysis packages and the graphs/plots were visualized in qtGrace. For
determining the variations in binding energy throughout the trajectory for each complex, the

frames at every 100ps were extracted and submitted to the online webserver “PRODIGY”’[52].
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Dihedral PCA (4PCA) analysis

Dihedral PCA (principal component analysis) was used to describe the high-amplitude concerted
motion from the MD trajectories of protein based on eigenvectors calculated using covariance
matrix [53, 54]. The dihedral angles of protein defined the atomic fluctuation throughout the MD
simulation, and were described by the cosine values of the PC of covariance matrix. The cosine
values checked whether the trajectory has ensembled enough to show the free energy landscape
obtained from the ¢PCA analysis [55, 56]. The range of cosine value from 0 to 1 in the total time

of MD simulation (T) is given by

Ci= ; (J: cos (h;—t)pi (t) dt) : (Lrpf (t) dt)

where p;(t) is the i"" PC’s value. Thus, absolute and sensitive parameters of trajectory was

-1

measured by getting numerous free-energy minima, which relates to conformations mapping
with their respective energy basins as available in the free energy landscape of the selected PCs.
Generally, the first few PCs contributions define nature of the protein. However, in most of the
eigenvectors, the cosine values were close to one due to a large-scale motion in the protein

dynamics, and, hence, not used [57, 58].

Results and Discussion

Structure prediction and characterization of TMPRSS2

The 3D model of TMPRSS2 obtained in the present study from Phyre2 webserver was

manually analyzed. The domains of TMPRSS2 were identified as Low Density Lipoprotein



149  (LDL) domain (113-148), Scavenger Receptor Cysteine-Rich (SRCR) domain (149-242) and the

150  Catalytic domain (255-492) (Fig. 1A) [59].
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151

152  Fig. 1. Structural characterization of TMPRSS2. (A) Different domains (indicated by
153  different colors and residue numbers). (B) Predicted 3D structure (from Phyre webserver).
154  Colors in the cartoon representation indicate the confidence of prediction. (C) Surface
155  representation of complete TMPRSS2 (The catalytic domain is further zoomed to show catalytic
156 triad residues and oxyanion hole).

157

158 The catalytic domain was well predicted with high confidence (Fig. 1B) whereas
159  prediction for non-catalytic regions comprising of LDL and SRCR domains showed a low
160  confidence. The structure alignment of TMPRSS2 catalytic domain with the Thrombin showed
161  Root Mean Square Deviation (RMSD) of 0.59 A. The Ramachandran plot for the truncated

162  catalytic domain of TMPRSS2 (265-492) from Procheck server showed 98% of the residues in



163

164

165

166

167

168

169

170

171

172

the allowed or the most favored regions whereas only one residue (GIn276) lay in the disfavored
region (Supplementary Fig. SF2). Thus, the modelled structure was found suitable for further

docking and MDS studies.

Molecular docking studies

Autodock results were analyzed in terms of low binding energy, high number of hydrogen-bonds
and ligands docked-poses. The best docked poses of the top seven phytochemicals were selected
(Supplementary Table ST1). The binding energy of these phytochemicals were better (lower)
than camostat (Fig. 2, Table 2) and docked in the proximity of oxyanion hole/catalytic triad of
the active site of TMPRSS2. The stability of the selected docked-poses for the molecule was

tested by running MDS.
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Fig. 2. Docked poses of selected phytochemicals and interacting residues. Picture in the center
shows the docked poses of phytochemicals with catalytic domain of TMPRSS2. (A-H) Non-
bonded interaction of each phytochemical. Dotted line in Red denotes hydrogen bond, Green
denotes Pi-Sigma Bonds, Brown denotes Alkyl bonds, Orange denotes Pi-Sulphur bonds and
Pink denotes Pi-Amide bonds. Binding energy scores are written beside the arrows.

Table 1: Seven best phytochemicals with their binding energy and H-bond for the best

docked poses

Phytochemical compound CID Binding H- Interacting Residues
Energy bonds for H-bond
(kcal/mol)

Thymoquinone 10281 -4.15 3 Ser436, Cys437,
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Gly472

Thymol 6989 -4.03 Gly464, Gly472
Carvacrol 10364 -3.9 Gly462

Caryophyllene 5281515 -3.79 None

Limonene 22311 -3.78 None
Bisdemethoxycurcumin 5315472 -3.71 GIn438

(BDMC)

p-Cymene 7463 -3.58 None

Camostat 5284360 -3.18 Ser436, Cys437,
(Reference Molecule) Gly438, Gly439,

Ser441, Gly472
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MDS of Apo- and Holo- form of TMPRSS2

Root Mean Square Deviation (RMSD) and Root Mean Square Fluctuation (RMSF)
Protein-RMSD and Ligand-RMSD averaged over 500 frames for both the apo-form and the
holo-forms of TMPRSS2 (Catalytic domain) were monitored and the graphs are presented in Fig.
3A and Fig. 3B respectively. The Protein-RMSD for TMPRSS2 apo-form showed a slight rise
within initial 5ns and thereafter remained almost stable throughout the simulation showing only a
slight fluctuation at 19ns and 60ns. The Protein-RMSD with thymol and carvacrol also showed
stability except at 20ns for thymol and between 70-90ns for carvacrol. Further, except
bisdemethoxycurcumin (BDMC), other ligands showed more RMSD fluctuation in comparison
to the apo-form of TMPRSS2. High fluctuation in Protein-RMSD was observed in TMPRSS2
with limonene, camostat, p-cymene, thymoquinone and caryophyllene. The Protein-RMSD of
TMPRSS2 with camostat showed a continuous rise from around 3.0A to 5.3A within first 40ns

and remained at around 5.0 A with slight fluctuations afterwards.
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Fig. 3. Molecular Dynamics Simulation analysis of TMPRSS2. (A) RMSD of the apo-form
and the holo-forms of TMPRSS2. (B) RMSD of the ligands. (C) RMSF of the apo-form and the
holo-forms of TMPRSS2. (D) Solvent Accessible Surface Area (SASA) each complex. (E)
Binding energy of each ligand throughout the trajectory. (F-J) Number of hydrogen bonds
between TMPRSS2 and ligands. Black line represents the apo-form and the colored lines
represent the holo-forms (assigned color for each ligand is given at the base).
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High fluctuation in ligand-RMSD was observed in limonene, camostat, p-cymene, thymoquinone
and caryophyllene against a very low fluctuation in thymol and carvacrol except towards the end
of the simulation. On the other hand, BDMC-RMSD remained stable throughout the simulation
with moderate fluctuations. Thus it can be concluded that the binding poses for BDMC,
carvacrol and thymol are more stable in comparison to camostat and the rest four
phytochemicals.

RMSF of TMPRSS2 for the apo-form and all holo-forms showed almost similar pattern with
only a little difference. A major fluctuation was observed in loop regions in comparison to helix

or sheets region (Fig. 3C).

Solvent accessible surface area (SASA), Hydrogen bond (H-Bonds) and Binding energy
(BE)

SASA was calculated for each frame throughout the MD trajectory for the apo-form and all the
complexes, and plotted averaging over 500 frames (Fig. 3D). All the SASA started at around
130+3nm? and ended at around 120+5nm2. For TMPRSS2 complexed with caryophyllene,
SASA showed the highest fluctuation with a decrement of about 10nm? during first 30ns,
followed by an increment of 10nm? in next 30ns, and again a decrement at the end of the
trajectory. The possibility of a high fluctuation can be correlated with the change in position of
caryophyllene as it moved away from the active site (Supplementary Fig. SF4). Both for
limonene and p-cymene, the complexes showed a consistency in SASA with slight fluctuations.
BDMC, carvacrol, camostat and thymoquinone showed a decrement in SASA within 20ns and

thereafter remained almost stable throughout the trajectory. TMPRSS2, in the apo-form, and the
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complex form with carvacrol showed similar curves around 120nm?. Its complexes with other
ligands had the SASA curves within 120-130nm? which was more than the apo-form (Fig. 3D).
The presence of H-bond between ligand and protein was observed for each frame throughout the
simulation. Five phytochemicals viz. thymoquinone, thymol, carvacrol, camostat and BDMC
formed Protein-ligand H-bond (Fig. 3F-3J) whereas other ligands did not show H-bonds. Both
camostat and BDMC showed high number of H-bonds, with a maximum of six H-bonds and an
average of 2 to 3 H-bonds throughout the simulation. Thymoquinone and thymol generally
showed one H-bond but sometimes two H-bonds. For carvacrol, a consistency of two H-bonds
was observed from 5ns to 43ns, and also after 85ns, but in the rest of the trajectory one H-bond
was observed.

For accounting variations in the BE of each ligand throughout the MDS, the coordinates were
extracted at every 100ps from the trajectory and submitted to the Prodigy server. The results
have been presented in Fig. 3E. All phytochemicals showed better BE than camostat (-6.0
kcal/mol), and among them, BDMC showed the lowest average BE (-9.7 kcal/mol). A stability
in the BE curve was observed for camostat, thymoquinone, carvacrol and BDMC from 25ns
onwards till the end of the trajectory whereas caryophyllene, p-cymene and limonene showed
fluctuations throughout the trajectory. In initial 20ns, there was a decrement in the BE for
BDMC, carvacrol, thymol, p-cymene, whereas there was an increment for camostat,

thymoquinone and caryophyllene.

Dihedral principle component analysis (¢PCA)

dPCA was performed to understand the structural behavior of TMPRSS2 in both the apo-form
and the holo-forms. The free energy landscape (FEL) was drawn using the largest two principle

components with the cosine value less than 0.2 [55]. Analysis of FEL showed that the apo-form
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and the complex of TMPRSS2 with thymol, carvacrol and BDMC have converged into a big low
energy cluster symbolizing inter-convertible low energy conformational population, thus
concluding that the protein has attained a stable form (Supplementary Fig. SF3). Other
complexes could not attain stable conformations within 100ns as reflected by formation of either
several small clusters (p-cymene) or several medium size low free energy conformational
clusters (caryophyllene, thymoquinone, carvacrol, limonene and camostat). Thus, the coordinate
from minima of the largest cluster was extracted for TMPRSS2 complexed with thymol,
carvacrol and BDMC for the analysis of binding pose/location (Fig. 4, Supplementary Table
ST2, ST3 & ST4), which was subsequently zoomed to observe non-bonded interactions.

Carvacrol was found to bind deep in the oxyanion hole with one H-bond and ten hydrophobic
interactions. Thymol remained at the entry point of the oxyanion hole forming one H-bond and
four hydrophobic interactions. On the other hand, BDMC as a larger molecule occupied the

entire oxyanion hole with two H-bonds and five hydrophobic interactions.
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Fig. 4. Free Energy Landscape (FEL) plot of BDMC, carvacrol and thymol. Representative
structures from the most populated low-energy cluster is shown to depict the binding pose.
Zoomed image depict non-bonded interaction of ligand with TMPRSS2. (Zoomed image has
been re-orientated for showing the best view).

Influence of carvacrol, thymol, BDMC on the catalytic triad

The distance between the Ca atoms of the catalytic triad residues of TMPRSS2 (Ca-His296, Ca-
Asp345 and Ca-Ser441) were also monitored throughout the simulation in both the apo-form and
the holo-form with carvacrol, thymol and BDMC (Fig. 5). A significant increment in the distance
between Ca-His296 and Ca-Ser441 as well as Ca-Asp345 and Ca-Ser441 was observed due to
binding of carvacrol. Thymol increased the distance between Ca-Asp345 and Ca-Ser44l

whereas BDMC showed negligible change in Ca distance of the catalytic triad residues.
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Fig. 5. Distance between Ca atoms of catalytic triad residues throughout the trajectory. (A)
Ca-His296 and Ca-Asp345 (B) Ca-His296 and Ca-Ser44l (C) Ca-Asp345 and Coa-Serd4l.
Color depiction: Apo-form of TMPRSS2 (black line) and holo-form of TMPRSS2 with BDMC
(red line), carvacrol (cyan line) and thymol (blue line). The distance between catalytic triad
residues shows maximum deviation due to binding of carvacrol followed by thymol whereas the
least with BDMC.
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Picking up of the best TMPRSS2 inhibitor

Stable binding of ligands to oxyanion hole can block interaction of arginine of the substrate with
the oxyanion hole which plays a crucial role in accommodating residue arginine of the substrate
to ignite cleavage of its peptide bond.

On the basis of the results (stable RMSD, low binding energy, number of H-bonds throughout
simulation and ¢PCA analysis), we conclude that the BDMC, carvacrol and thymol form stable
binding with TMPRSS2 in the oxyanion hole and modified the spatial arrangement of the
catalytic triad residues. The change in the spatial arrangement of the catalytic triad was the
highest in carvacrol, followed by thymol, and the least with BDMC. However, BDMC being a
large molecule could effectively shield the oxyanion hole. Levels of inhibition among stable
bound molecules would be graded as: best carvacrol, then BDMC, and least thymol. Therefore,
we conclude that blocking of TMPRSS2 by these phytochemicals is expected to prevent ACE2-

and TMPRSS2-mediated cell entry of SARS-CoV-2 and other viruses into the host cells.

Conclusion

The in-silico study conducted to designate some potential antiviral phytochemicals present in
some common spices used in Indian Kitchens to inhibit the activity of TMPRSS2 included
docking of phytochemicals with the catalytic domain of TMPRSS2 for specifying the best
binding pose in terms of docked binding energy followed by MD simulation scrutiny and
identified three potential antiviral phytochemicals namely carvacrol, thymol and BDMC found in
N. sativa, T. ammi, and C. longa respectively which might be studied further as potential drug

candidates against SARS-CoV-2.
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460  Fig. SF1: Structural alignment of TMPRSS2 with Thrombin (4UD9). (A) Cartoon representation
461  for the structural alignment of Thrombin (Purple) with TMPRSS2 (Green). Oxyanion hole
462  (yellow circle) and catalytic triad residues (ball and stick representation) are indicated. (B) The
463  corresponding sequences of the structure alignment are reflected here. The first and second row
464  shows residue-numbers and residues respectively of thrombin (4UD9). The third row show
465  residues of TMPRSS2. The catalytic triad residues are marked with rectangular red boxes and
466  the residue numbers of these residues in TMPRSS2 are shown just below the box.
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Fig. SF2: Ramachandran plot of modeled TMPRSS2




475

476  Fig. SF3: PCA analysis of TMPRSS2-Ligand complexes. Here we can observe that TMPRSS2 in
477  apo-form, and with ligands like Carvacrol, BDMC and Thymol showed a big free energy cluster
478  with several small clusters. TMPRSS2 with p-Cymene, Thymoquinone and limonene showed
479  several small free energy clusters with no distinct big cluster whereas TMPRSS2 with (-
480  Caryophyllene and Camostat exhibit three medium sized cluster with few small clusters.

481
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Fig. SF4: FEL for TMPRSS2 with rejected phytochemicals/ligands. Extracted frames from the
larger two clusters to show the changes in the interaction pose of the ligands with TMPRSS2.
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487  Supplementary Table ST2: Non-bonded interaction of carvacrol with TMPRSS2 (shown in

488  Fig. 4)
SI. No. TMPRSS2 Carvacrol Distance (A) Type of Interaction
1 GLN438:0 o1 2.48 H-Bond
2 ILE381:CD Pi-Orbitals 3.82 Hydrophobic
3 CYS465:5G Pi-Orbitals 3.63 Hydrophobic
4 VAL402 Cl1 4.69 Hydrophobic
5 CYS465 Cl1 4.29 Hydrophobic
6 LYS390 C5 4.77 Hydrophobic
7 CYSs437 C5 4.29 Hydrophobic
8 CYS465 C5 3.66 Hydrophobic
9 ILE381 C4 4.89 Hydrophobic
10 VAL402 Pi-Orbitals 5.33 Hydrophobic
11 CYSs437 Pi-Orbitals 5.43 Hydrophobic
489  Supplementary Table ST3: Non-bonded interaction of thymol with TMPRSS2 (shown in Fig.
490 4)
Sl. No. TMPRSS2 Thymol Distance (A) Type of Interaction
1 CYS465:N 01 3.18 H-Bond
2 ILE381 C4 4.39 Hydrophobic
3 CYS437 C4 4.99 Hydrophobic
4 CYS465 C5 4.47 Hydrophobic
5 TYRA474 C5 4.13 Hydrophobic
491  Supplementary Table ST4: Non-bonded interaction of BDMC with TMPRSS2 (shown in Fig.
492 4)
SI. No. TMPRSS2 BDMC Distance (A) | Type of Interaction
1 GLN438:N 02 2.91 H-Bond
2 ASP440:0D2 04 2.61 H-Bond
3 ALA400 Pi-Orbitals 4.30 Hydrophobic
4 VAL402 Pi-Orbitals 5.42 Hydrophobic
5 VAL434 Pi-Orbitals 4.97 Hydrophobic
6 CYS437 Pi-Orbitals 4.84 Hydrophobic
7 CYS465 Pi-Orbitals 4.76 Hydrophobic
493
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