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Abstract 

The rapid outbreak of SARS-Coronavirus 2 (SARS-CoV-2) caused a serious global 

public health threat. The spike ‘S’ protein of SARS-CoV-2 and ACE2 of the host cell are being 

targeted to design and discover new drugs to control Covid-19 disease. Similarly, a 

transmembrane serine protease, TMPRSS2 of the host cell has been found to play a significant 

role in proteolytic cleavage of viral spike protein priming to the receptor ACE2 present in human 

cell. However, three dimensional structure and inhibition mechanism of TMPRSS2 is yet to be 

explored experimentally. Hence, in the present study we have generated a homology model of 

TMPRSS2 and studied its binding properties with experimentally studied inhibitors viz. 

Camostat mesylate, Nafamostat and Bromhexine hydrochloride (BHH) using molecular docking 

technique. Docking analysis revealed that the Camostat mesylate and its structural analogue 

Nafamostat interacts strongly with residues His296, Ser441 and Asp435 present in catalytic triad 

of TMPRSS2. However, BHH interacts with Gln438 and other residues present in the active site 

pocket of TMPRSS2 through hydrophobic contacts effectively. Thus, these results revealed the 

inhibition mechanism of TMPRSS2 by known inhibitors Camostat mesylate, Nafamostat and 

Bromhexine hydrochloride in detail at the molecular level. However, Camostat mesylate shows 

strong binding as compared to other two inhibitors. This structural information could also be 

useful to design and discover new inhibitors of TMPRSS2, which may be helpful to prevent the 

entry to SARS-Coronavirus 2 in human cell. 
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Introduction 

Currently, coronavirus is a major public health threat to the world, which is originated 

from Wuhan, Hubei Province, China in December, 2019. Earlier outbreaks caused by 

coronavirus are known as Severe Acute Respiratory Syndrome (SARS-CoV) and Middle East 

Respiratory Syndrome (MERS-CoV). But the outbreak caused in 2019 by SARS-CoV-2 is novel 

and named as COVID-19 by WHO [1]. As on 1
st
 April, 2020 more than 195 countries have been 

affected by this novel coronavirus-2. After China, the European countries and America are 

affected severely with more mortality rates in the Italy. The incubation period of COVID-19 is 

approximately 5.2 days [2], but it is shorter in elderly patients (age >70) [3]. The most common 

symptoms after the onset of COVID-19 infection are cough, fever and fatigue, while other 

symptoms include headache, sputum production, diarrhea, haemoptysis, lymphopenia and 

dyspnoea [3-6]. The study suggests that COVID-19 originated from wet market of Wuhan city, 

but it has transmitted primarily by person-to-person contacts or through droplet nuclei formed 

after coughing or sneezing [7].  

SARS-CoV-2 is an enveloped virus with positive sense RNA genome, belongs to family 

Coronaviridae of the order Nodovirales and genera Betacoronavirus [8]. Recently it has been 

shown that SARS-CoV-2 enters in the host cell by interacting its spike glycoprotein and receptor 

present on epithelial cells i.e. Angiotensin Converting Enzyme-2 (ACE-2) [9]. The highest 

expression of ACE-2 has been observed in lungs, kidneys and heart cells [10-11], so the most of 

the fatalities observed due to damage of lungs. Efforts are being made to develop an effective 

vaccine to control pandemic of SARS-CoV-2, but they are time consuming and might require 

more clinical trials to come into the market. Development of vaccine against SARS-CoV-2 is 

also difficult due to mutation in spike glycoprotein of corona virus. In vitro study is reported on 

Nafamostat, a inhibitor of serine protease TMPRSS2 to block MERS-CoV infection [12]. 

Similarly, bromhexine hydrochloride an ingredient in a mucolytic cough suppressant could also 

be used for the treatment of influenza virus and coronavirus infections as inhibitor of TMPRSS2 

[13]. However, few potential targets for the treatment of influenza virus and coronavirus 

infections have been summarized earlier [14]. Steardo et al 2020 reported that the Coronavirus 

can infect the brain cells resulting in more complex clinical scenario [15].  



As the virus is novel, so no authenticated full proof remedies are available to control the 

SARS CoV-2, but currently various broad spectrum antiviral drugs are being used to treat 

COVID-19 patients, where as antimalarial drugs i.e. Chloroquine and its derivative 

hydroxychloroquine have also shown positive effects to control the infection [16]. The 

glycosylated spike ‘S’ protein of SARS-CoV-2 and ACE2 of the host cell have been studied 

thoroughly [17-18] and would be useful to design and discover new lead molecules to control the 

SARS-CoV-2. The another drug target i.e. the transmembrane serine protease (TMPRSS2) of the 

host cell can act proteolytically to cleave viral spike ‘S’ protein which is useful for the priming to 

the receptor ACE2 present in host cell [19-20]. The excellent work by Haffman and coworkers, 

2020, suggested that influenza virus and coronavirus infections can be controlled by targeting the 

host cell protease, TMPRSS2 [21]. So the inhibition of TMPRSS2 could be a promising therapy 

to control viral entry into the human cell.  

However, there is no literature available about the three-dimensional structure of 

TMPRSS2 and its inhibition mechanism by various inhibitors. Hence, in the present study, we 

have generated a three-dimensional model of TMPRSS2 using homology modeling technique. 

Further, this model was considered to investigate the interactions between TMPRSS2 and 

experimentally approved inhibitors such as Camostat mesylate, Nafamostat and Bromhexine 

hydrochloride using molecular docking technique. Molecular docking analysis revealed that the 

Camostat mesylate, Nafamostat and Bromhexine hydrochloride interacts with residues present 

active site pocket of TMPRSS2. Thus, this structural information of TMPRSS2 could be useful 

to design new lead molecules to control the novel coronavirus-2 entry into the human cells. 

Material and methods 

Sequence retrieval and Homology modeling of TMPRSS2 

Amino acid sequence of transmembrane serine protease TMPRSS2 (Accession No C9JKZ3) has 

been extracted from Uniprot [22]. Further, we searched the suitable template to build a homology 

model of TMPRSS2 using BLAST program [23]. Homology modeling of TMPRSS2 was done 

using online server PRIMO [24]. The three dimensional structure of TMPRSS2 was predicted by 

using template human plasma kallikrein (5TJX.pdb) [25]. Then the predicted model was refined 

by using ModRefiner [26]. The refined model of TMPRSS2 was validated using different online 

servers such as PROSA [27], PROCHECK [28] and PDBsum [29]. Finally, the verified 



homology model of TMPRSS2 with good quality was further used for molecular docking 

studies.  

 

Preparation and parameterization and inhibitors: 

Three dimensional co-ordinates for Camostat mesylate (CID5284360), Nafamostat (CID4413) 

and Bromhexine hydrochloride (CID5702220) were extracted from Pubchem Database 

(https://pubchem.ncbi.nlm.nih.gov/) in sdf format and then converted into PDB format with the 

help of Open Babel [30]. DockPrep tool of chimera was used to prepare molecule for docking 

[31].  

Prediction of binding pocket of TMPRSS2: 

Computed Atlas of Surface Topography of proteins CASTp [32] online server was used to 

binding pocket on TMPRSS2, potential binding pocket were selected based on consensus of 

residues present in related serine proteases. 

Molecular docking of TMPRSS2 with its inhibitors  

Molecular docking 

Molecular docking of homology model of TMPRSS2 with Camostat mesylate was performed 

using online docking server “Achilles”, a blind docking server (uses Autodock vina) available at: 

http://bio-hpc.eu/software/blind-docking-server/. Protein model i.e. TMPRSS2 as a receptor and 

Camostat mesylate in pdb format separately sent to server to perform docking calculations. 

Series of docking calculations were performed across the whole protein in order to find binding 

sites, and results were clustered by using pose clustering algorithm. 

Molecular docking by AutoDock  

Homology modelling and molecular docking techniques have been found useful to investigate 

folding pattern and molecular interactions between several enzymes and ligands [33-42] Binding 

affinities of Camostat mesylate, Nafamostat and Bromhexine hydrochloride to the active site of 

modelled protein, TMPRSS2 were confirmed by Autodock 4.2 computational tool with 

Lamarckian Genetic Algorithm (LGA) [43]. Here, also blind docking was performed by taking 

protease domain in grid box. All residues in TMPRSS2 were kept as rigid. Grid dimensions were 

set to 60 Å × 60 Å × 60 Å to accommodate the ligand with 0.375 Å grid spacing. Grid centre was 

selected at X = 37.216 Y = 2.359 Z = 24.602 coordinates with 0.02 rate of mutation & 0.8 

crossing over rate. Population size was fixed to 150 to generate 50 conformations for 27000 

https://pubchem.ncbi.nlm.nih.gov/
http://bio-hpc.eu/software/blind-docking-server/


generations and for 25000 evaluations. The best docked complex was clustered on the basis of 

default RMSD tolerance range of 2.0 Å. Inhibition constant (Ki) of best docked pose was 

evaluated using in-built program of AutoDock. Ligand-receptor interactions were visualized with 

AutoDock and UCSF chimera [31]. 

 

Results and discussion 

Homology evaluation and structural analysis of TMPRSS2: 

Analysis of homology model of TMPRSS2 

The three dimensional structure of TMPRSS2 (Accession No C9JKZ3) with 489 amino acid was 

predicted by using template human plasma kallikrein (5TJX.pdb). The template showed 42.56% 

identity with TMPRSS2 sequence. TMPRSS2 consists of intracellular domain (residues 1 to 84), 

transmembrane spanning domain (residues 84-106), low-density lipoprotein receptor domain 

(LDLRA: residues 133-147). The homology model of TMPRSS2 showed two extracellular 

domains; cysteine rich domain (residues 148-242) and serine protease domain (residues 255-489) 

(Figure 1). The residues His296, Asp345 and Ser441 are present as a catalytic triad in TMPRSS2 

model (Figure 1). The CATSp analysis showed His296, Asp345 and Ser441 amino acid residues 

at the binding pocket along with several other residues (Figure 2). Model of TMPRSS2 was 

subjected to model refinement and energy minimization by online server ModRefiner [26]. Then 

predicted model was assessed by various online servers. The PROSA [27] analysis showed that 

the predicted model of TMPRSS2 has Z score of -7.48 (Figure 3A) as compared to template 

having Z score of -6.64 (Supplementary Figure 1). Also, most of the amino acid residues in the 

TMPRSS2 model showed negative interaction energy suggesting good quality of predicted 

structure (Figure 3B). To check the predicted model quality for TMPRSS2, we have further 

performed PROCHECK [28] analysis. This analysis shows that total 99% residues are present in 

allowed regions and only 1% residues in disallowed region (Figure 3 C) suggesting a good 

quality of TMPRSS2. There are various inhibitors of TMPRSS2 such as Camostat mesylate, 

Nafamostat and Bromhexine hydrochloride (Figure 4). These inhibitors are further used for 

molecular docking studies with predicted model of TMPRSS2 (Figure 1 and 2).  

 

Active site prediction  



Active site of serine proteases generally consists of SER, HIS, and ASP residues as catalytic 

triad [44]. Active site residues of TMPRSS2 were predicted by CASTp online server [32]. The 

results given by CASTp server showed that TMPRSS2 having several binding pockets, out of 

which 3 binding pockets contains at least one residue from the catalytic triad. As TMPRSS2 is a 

serine protease, hence pockets containing Ser, Thr, His, Asp residues, were selected for further 

study. However, from the selected pockets, we found that His296, Glu299, Asp435, Gln438, 

Ser441, Asp345, Ser346, Thr459, Ser460, Thr461 residues would also be useful for the 

TMPRSS2 activity (Supplementary Figure 2).    

 

Binding interactions of TMPRSS2 with inhibitors in docked complex: 

Initially binding sites of Camostat mesylate, Nafamostat and Bromhexine hydrochloride with 

TMPRSS2 were not known; hence blind docking was performed by online blind docking server. 

For the inhibitor Camostat mesylate, we obtained total 17 possible clusters of binding poses. Out 

of this -8.5 kcal/mole is a lowest binding energy pose with His296 and Ser441 as active residues, 

which is also predicted by CASTp server. The residues Ser441, His296, Glu299, Asp435, 

Val473 can form hydrogen bonds; whereas Val28, Asp440, Thr459, Ser460, Trp461, Tyr474 are 

also involved in Van der Waals interactions (Supplementary Figure 3). The molecular docking 

study revealed that Camostat mesylate can fit inside the pocket present in serine protease domain 

of TMPRSS2 and shown in different confirmations (Figure 5). The docked complex of 

TMPRSS2 with inhibitor Nafamostat, a structural analogue of Camostat mesylate also showed 

hydrogen bonding interactions (Figure 6A, Table 1). Bromhexine hydrochloride interacts with 

Gln438, whereas Nafamostat shows hydrogen bonding with Asp435, Gly464 and Ser441 of 

TMPRSS2 (Figure 6, Table 1). Docked complex analysis revealed that Camostat mesylate and 

Nafamostat binds in the same pocket of TMPRSS2. 

The docked complex analysis of Bromhexine hydrochloride (BHH) with TMPRSS2 

shows fewer hydrogen bonding interactions as compared to Camostat mesylate and Nafamostat 

(Table 2). Bromine atom of BHH interacts with Gln438 of TMPRSS2 (Figure 6C; Table 2). 

However, the residues such as His279, Val280, Cys281, and His296 of TMPRSS2 are providing 

additional hydrophobic interactions (Figure 6, Table 2). The docked complex of TMPRSS2 with 

Camostat mesylate showed that there is strong hydrogen bonding interaction between the 

different groups of Camostat mesylate with active site residues present in the catalytic triad such 



as His296 and Ser441 (Figure 6 and Table 1). The Ser441 of TMPRSS2 interacts with Camostat 

mesylate carbon atom with strong interatomic distance of 2.232 Ǻ. Similarly, other interacting 

residues of TMPRSS2 like Glu299, Thr459, Tyr474, Asp435, Ser436 and Gln438 also showed 

hydrogen bonding ability, hence these interactions can stabilize the Camostat mesylate into the 

binding pocket present in serine protease domain of TMPRSS2 (Figure 6 and Table 1).  

The binding energy of TMPRSS2 with Camostat mesylate, Nafamostat and Bromhexine 

hydrochloride found to be -7.94, -7.21 and -5.96 respectively (Table 3). Similarly, the inhibitor 

constant (Ki) of these Camostat mesylate, Nafamostat and Bromhexine hydrochloride are 1.51 

uM, 5.17 uM and 43 uM respectively as shown in Table 2. Overall, Camostat mesylate, 

Nafamostat and Bromhexine hydrochloride found to be good inhibitors of TMPRSS2. The 

interactions of Camostat mesylate, Nafamostat and Bromhexine hydrochloride may prevent the 

priming ability of transmembrane serine protease TMPRSS2 to activate the viral ‘S’ protein to 

the receptor ACE2 to facilitate the entry of SARS-CoV-2 in human cell. However, further 

clinical studies are necessary. 

 

Conclusion:  

Understanding effective drug target in detail at the molecular level becomes pivotal to 

combat SARS-CoV-2 infection. Hence, in the present study we predicted three dimensional 

structure of TMPRSS2 by using homology modeling technique and studied its interactions with 

known inhibitors with the help of molecular docking. The homology model of TMPRSS2 shows 

proper folding pattern with cysteine rich and serine protease domains. The docked complex 

revealed that the active site residues His296 and Ser441 of TMPRSS2 interact with the inhibitors 

Camostat mesylate and Nafamostat by proper hydrogen bonding interactions, whereas 

Bromhexine hydrochloride shows hydrophobic contacts because of its small structure.  

However, camostat mesylate shows strong inhibition of TMPRSS2 as compared to 

nafamostat and bromhexine hydrochloride (Figure 6; Table 2 and 3). Therefore, these inhibitors 

viz. Camostat mesylate, Nafamostat and Bromhexine hydrochloride could be considered for the 

inhibition of TMPRSS2 a transmembrane serine protease to control the COVID-19 disease.  

Finally, the structural information obtained from the present study could be useful to design new 

approaches to control the coronavirus outbreak.  
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Figure Legends: 

Figure 1: Predicted model of TMPRSS2 showing SRCR: Scavenger receptor cysteine rich 

domain (magenta) and catalytic triad HIS296, ASP345, and SER441 (orange) in serine protease 

domain (blue). 

Figure 2: Predicted binding pocket by CATSp showing active site residues in orange. 

Figure 3: PROSA analysis of TMPRSS2 model A) Z Score, B) Local model quality. C) 

Ramchandran plot of TMPRSS2 model. 

Figure 4: Three dimensional structure of TMPRSS2 inhibitors Camostat mesylate (Magenta:L1), 

Nafamostat (green:L2) and Bromhexine hydrochloride (purple:L3). 

Figure 5: Binding of Camostat mesylate (Magenta) with TMPRSS2 (Light sea green) inside its 

pocket shown in surface (A) and Atoms/Bonds type (B). Binding of Camostat mesylate 

(Magenta) with active site residues (Yellow) of TMPRSS2 (Light sea green) inside its pocket 

shown in surface. 

Figure 6: Docking interaction of active site residues of TMPRSS (Yellow) with A) Camostat 

mesylate (Magenta) B) Nafamostat (green) C) Bromhexine hydrochloride (purple) and showed 

in Atoms/Bonds type. D) Super imposition of docked complex of all three inhibitor showing 

Camostat mesylate (Magenta), Nafamostat (green) and Bromhexine hydrochloride (purple) 

within active site of TMPRSS2 active site residues (Yellow). 

Table Legends: 

Table 1: Hydrogen bonding interactions between TMPRSS2 and different inhibitors. 

Table 2: Molecular docking of TMPRSS2 with different inhibitors. 

 

 

 

 

 



Table 1: Hydrogen bonding interactions between TMPRSS2 and different inhibitors.  

Sr. No. Interactions between active site residues of 

TMPRSS2 with Camostat mesylate. 

Distance in Å 

1 ASP 435 OD2----------- Lig. 1.A H  2.176 

2 SER 441 HN ----------- Lig. 1.A O   3.061 

3 VAL 473 O -----------   Lig. 1.A H   2.079 

4 TYR 474 OH ----------- Lig. 1.A H   2.947 

5 GLN 438 OE1---------- Lig. 1.A O   2.881 

6 GLN 438 2HE2-------- Lig. 1.A O  2.450 

7 HIS 296 HE2 ----------- Lig. 1.A C  2.855 

8 GLU 299 OE2 ---------- Lig. 1.A O  3.143 

9 SER 441 HG ------------ Lig. 1.A C  2.232 

10 THR 459 CG2 ----------- Lig. 1.A C   2.952 

11 SER 436 CB ------------- Lig. 1.A N   3.035 

Sr. No. Interactions between active site residues of 

TMPRSS2 with Nafamostat. 

Distance in Å 

 

1 SER 441 HG ------------ Lig. 2.A O  2.54 

2 ASP 435 OD1 ---------  Lig. 2.A H   2.18 

3 ASP 435 OD2----------- Lig. 2.A H  2.55 

4 GLY 464 O ---------------Lig. 2.A H 2.28 

Sr. No. Interactions between active site residues of 

TMPRSS2 with Bromhexine hydrochloride. 

Distance in Å 

 

1 GLN 438 OE1 ------------Lig. 2.A BR  2.87 

2 GLN 438 OE1 ------------ Lig. 2.A H   1.99 

 

Table 2: Molecular docking of TMPRSS2 with different inhibitors.  

 

Sr. No. NAME of Molecule CID  Binding Energy 

(Kcal/mol) 

Ki 

1 Camostat mesylate 5284360 -7.94 1.51 uM 

2 Nafamostat 4413 -7.21 5.17 uM 

3 Bromhexine hydrochloride 5702220 -5.96 43.00 uM 

 


