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Abstract: 

There are at least eight members of the transmembrane protease serine (TMPRSS) family 

whose protein sequences are known. These members, which include TMPRSS2, TMPRSS3, 

TMPRSS4, TMPRSS5, TMPRSS6, TMPRSS7, TMPRSS9, TMPRSS11, TMPRSS12, and 

TMPRSS13, have significant functions in human hemostasis and are linked to the onset of 

several ailments, such as certain cancers. TMPRSS proteins have also been shown to 

facilitate the entrance of respiratory viruses into human cells. Particularly, TMPRSS2 and 

TMPRSS4 stimulate the SARS-CoV-2 virus' spike protein. None of these proteins have been 

crystallized, despite the variety of roles they play in the human body. Identifying effective 

treatment options for diseases related to the TMPRSS protein family has been challenging 

due to the lack of structural data. However, this publication presents homology models for 

every member of the family, enabling identification of key amino acids and possible binding 

sites for drug targeting. Comparing the 3D structures of TMPRSS2 with similar enzymes has 

led to discoveries of distinct traits for each family member. This information can facilitate 

development of specific inhibitors or modulators for TMPRSS, potentially leading to 

effective treatments. These findings could significantly impact the field, paving the way for 

future research. TMPRSS2 is a protein that plays a critical role in the entry of SARS-CoV-2 

virus into host cells. Its structure can be targeted for drug development to inhibit its activity 

and block viral entry, potentially leading to the development of antiviral drugs to treat 

COVID-19. Additionally, determining the structure of TMPRSS2 can help in the 

development of specific inhibitors that can target TMPRSS2 only while ignoring other related 

proteins, potentially minimizing the adverse effects of antiviral medications. 

 



 

Introduction: 

The Type II Transmembrane Serine Protease (TTSP) family is a group of enzymes that are 

critical for many physiological processes. They are divided into four subfamilies based on 

specific domains and require activation through cleavage of a conserved activation motif. 

Once activated, they are involved in processes such as blood coagulation, digestion, and 

tissue remodeling. The TTSP family is a target for drug development due to their 

involvement in various pathological conditions. Understanding their activation and regulation 

mechanisms is crucial for developing effective therapies. (Antalis et al., 2011; Bugge et al., 

2009). After activation, the catalytic and transmembrane domains are kept connected by 

disulfide links (Antalis et al., 2011). Currently, there are 14 distinct TMPRSS proteins that 

have been identified. These include TMPRSS2, TMPRSS3, TMPRSS4, TMPRSS5, 

TMPRSS6, TMPRSS7, TMPRSS9, TMPRSS11A, TMPRSS11B, TMPRSS11D, 

TMPRSS11E, TMPRSS11F, TMPRSS12, and TMPRSS13 (Escalante et al., 2021). Although 

not all of this subfamily's physiological roles, including homeostasis and proteolytic 

cascades, have been discovered, their involvement in many pathogenicities is starting to 

become clear, as illustrated in Table 1 (Supplementary Information)  (Webb et al., 2011a). 

 

 



Table A:  
TMPRSS proteins' recognized functions 
 

Proteins Function 

TMPRSS 2 Vital function in the pathogenesis of several viruses, including SARS-CoV-2 and 
MERS-CoV. 

TMPRSS 3 and 5 Cochlear hair cells, which are expressed in the inner ear and where mutations cause 
hearing loss. 

TMPRSS 4 A pancreatic tumor that has an overexpression. 

TMPRSS 6 Controls hepcidin levels to regulate iron homeostasis, and mutations result in 
iron-refractory iron deficiency anemia (IRDA). 

TMPRSS 9 Enhances pancreatic cancer's ability to spread invasively. 

TMPRSS 11A Down-regulated in esophageal cancer. 

TMPRSS 11B Increases lactate export and glycolytic metabolism, which both serve to develop 
lung cancer. 

TMPRSS 12 frequently shown in colorectal cancer. 

 
Table A: This table shows the TMPRSS subfamily proteins and their functions. From (Cal et al., 2003; Chen et 
al., 2010; Vaarala et al., 2001; Wallrapp et al., 2000; Webb et al., 2011b, 2011a; Zang et al., 2020; Ziegler et al., 
2020)  
 
Due to TMPRSS2's critical function in controlling SARS-CoV-2 virulence and its potential 

contribution to the emergence of malignancies, the TMPRSS family has drawn a lot of 

attention. Lung cells primarily incorporate SARS-CoV-2 and other pathogens via the 

TMPRSS2 protein and ACE2 receptor. The virus's TMPRSS2 enzyme specifically targets the 

Spike protein at a location determined by Arg255 and Ile256 to initiate membrane insertion. 

ACE2, through a specific interaction with the Spike protein's receptor binding domain, 

attracts the Spike protein to the surface of the host cell. These mechanisms are critical for the 

virus's ability to infect and replicate within host cells. For COVID-19 and other respiratory 

diseases to be effectively treated and prevented, it is crucial to comprehend how TMPRSS 

enzymes, ACE2 receptors, and Spike proteins interact (Shen et al., 2017). The Spike protein 

of SARS-CoV-2 has two functional subunits, S1 and S2, responsible for binding to host cells 

and fusing viral and cellular membranes, respectively (Fung et al., 2019; S. Liu et al., 2004). 

In vivo investigations have revealed that TMPRSS2, the primary processing enzyme for virus 

penetration in lung cells, is a key target for developing medicines to treat SARS-CoV-2 

 



infections. (Hatesuer et al., 2013; Iwata-Yoshikawa et al., 2019). As a result, TMPRSS2 has 

become a key target for the development of medicines to treat SARS-CoV-2 infections. 

Camostat, a recognized inhibitor of TMPRSS2, has shown promising results in keeping 

infected mice alive. However, it is not very selective for TMPRSS2 and lacks crystal 

structures for the TMPRSS protein subfamily. (Shen et al., 2017). Further research is needed 

to create more selective medicines. This study expands on earlier research on camostat bound 

to TMPRSS2 to find common features of recognition throughout the TMPRSS sub-family. 

Developing effective treatments for SARS-CoV-2 infections is crucial, and understanding the 

role of TMPRSS2 is an important step towards achieving this goal. 

 

MATERIALS AND METHODS 

Homology Modeling: 

In this study, we utilized the Uniprot database to retrieve amino acid sequences for 14 

proteins, identified by gene IDs O15393, P57727, Q9NRS4, Q9H3S3, Q9DBI0, Q7RTY8, 

Q7Z410, Q6ZMR5, Q86T26, O60235, Q9UL52, Q6ZWK6, Q86WS5, and Q9BYE2. To 

determine the crystal structures with the highest sequence identity for these proteins, we 

employed the BLASTp methodology and searched the Protein Databank (PDB). We then 

utilized templates from 23 crystal structures to construct models for the TMPRSS proteins. 

Notably, three crystal structures stood out: (6O1G) a human plasma kallikrein, DESC1, a 

member of the TTSP family, and (1O5E) a urokinase-type plasminogen activator with a 

mutation at position 190 (alanine). These findings provide valuable insights into the structure 

and function of TMPRSS proteins and may have implications for their potential use as 

therapeutic targets.  

Ligands are essential for understanding the crystal structures of different proteins. Recently, 

three ligands were identified and attached to crystal structures of TMPRSS proteins. These 

 



ligands were sourced from compounds 1O5E, 2OQ5, and 6O1G and were named 

6-Chloro-2-(2-Hydroxy-Biphenyl-3-yl)-1H-indole-5-carboxamidine, benzamide, and 7SD, 

respectively. All three ligands were successfully retained in the homology models that were 

developed. Using the InterPro, Pfam member database, the trypsin domain-corresponding 

amino acid region for each TMPRSS protein was determined. The crystal structures 

discovered through the Pfam database were then reduced to only their trypsin domains. This 

process has provided valuable insights into the structure and function of TMPRSS proteins, 

which could have significant implications for drug discovery and development. Each 

sequence was aligned using the T-Coffee Consistency-based MSA tool, which attempts to get 

beyond the drawbacks of progressive alignment methods. Any conserved secondary structure 

alignments were detected as shown in (Fig A). Each TMPRSS protein has at least five crystal 

structures chosen and homology models were predicted and refined using Modeller; these 

crystal structures are provided in Supplementary Table 2. Each homology model that was 

created particularly for a given protein was then evaluated using SAVES v6.0 and then used 

to create a final consensus model. Each TMPRSS protein's final model is designated as 

hmTMPRSSx, where x is the protein's particular name. 

 

Molecular Docking:  

The CB-Dock2 tool was used to conduct a molecular docking research to determine the 

binding affinity between the ligand molecules and the receptor protein (Y. Liu et al., 2019). 

The more advanced CB-Dock2 technique uses four key processes to dock proteins with 

ligands: data input processing, cavity identification, docking, and visualization and analysis 

of the docked complex (Y. Liu et al., 2022). Transmembrane protease serine 2 inhibitor was 

retrieved using the PubChem database (https://pubchem.ncbi.nlm.nih.gov/) (CID_2536) the 

ligands and proteins used in the molecular interaction are entered in the SDF/MOL2 formats 

 

https://pubchem.ncbi.nlm.nih.gov/


and the PDB format, respectively. The tool checks the submitted protein automatically for 

any side chain atoms and hydrogen atoms that are absent. The ligands that were submitted 

have been modified by partial charges and hydrogen addition. The program used by CB-dock 

to do docking predicts the binding sites for the receptor protein, determines the center and 

size using a curvature-based cavity identification method, and performs docking. 

 

Results: 

According to Fig. A, all fifteen sequences exhibit a sufficient level of identity to template 

models (>40%). As a result, we were able to create homology models for each TMPRSS 

family member. The Modeller Loop Refinement was used to perform loop refinement on all 

of the homology models. The trypsin-like serine protease domain of TMPRSS2 refers to a 

specific region of the protein that is structurally similar to trypsin, a digestive enzyme that 

breaks down proteins. The region of TMPRSS2 that is being discussed plays a crucial role in 

the proteolytic activity of the protein. This activity enables it to cleave and activate the spike 

protein on the surface of the SARS-CoV-2 virus, which is essential for the virus to enter 

human cells. The catalytic triad, consisting of histidine, aspartic acid, and serine, is conserved 

in all TMPRSS proteins, as demonstrated in Fig 2. Although the catalytic triad appears to be 

at different points across the amino acid sequences, the histidine, aspartic acid, and serine are 

all located at comparable places in structural space inside the trypsin area. Furthermore, the 

geometry of the catalytic triad is maintained based on the structural alignment, as shown in 

Fig 3. These findings provide valuable insights into the functioning of TMPRSS2 and its 

potential as a therapeutic target for COVID-19. 

 



 

Fig 1: Sequence alignment for every member of the TMPRSS family using Jalview 
(2.11.2.6). Residues that are totally conserved by more than 50% of all TMPRSS sequences 
are highlighted in dark gray, whereas high-identity residues are highlighted in light gray. 
pockets (C1-C5) close to the TMPRSS2 active site that help ligands bind properly. Each of 
these components in Fig. 1 has been highlighted by color: Position 87 is colored yellow, 
pocket C1 is red, pocket C2 is blue, pocket C3 is purple, pocket C4 is green, and pocket C5 is 
sky-blue.  
 

 



 

 
Fig 2. The alignment process involves superimposing the three-dimensional structures of the 
TMPRSS protein family models, taking into account structural similarities and differences. 
This allows us to visualize the overall architecture of the protein family and identify regions 

that may be important for function or regulation. 
 

 

Fig 3. The structural alignment of catalytic triads is a crucial aspect of understanding the 
mechanisms of enzyme catalysis. Catalytic triads are composed of three amino acid residues, 
typically serine, histidine, and aspartate, that work together to facilitate enzymatic reactions. 

 



 

 
Drug Binding Site: 
Fig 4 shows how carboxylesterases hydrolyze camostat to create the active metabolite 
4-(4-guanidinobenzoyloxy) phenylacetate (GBPA), which is consistent with observations in 
the literature. The negatively charged carboxylate group in the active metabolite GBPA is 
stabilized by forming a salt bridge with the lysine residue at position 87 of TMPRSS2 and is 
also attached by the guanidino group (Escalante et al., 2021). The drug is anchored by the salt 
bridge, which places the Camostat scissile bond in the best possible location for the catalytic 
serine to attack. The enzyme is acylated as a result of the catalytic serine's breakdown of the 
scissile link, which inhibits TMPRSS2. Since that K87 (K342(Escalante et al., 2021)) has 
been demonstrated to contribute to the stabilization of the camostat active 
metabolite(Escalante et al., 2021). It is essential to look for the amino acid at this position in 
the other TMPRSS proteins because doing so can reveal similar stabilizing mechanisms. 
According to Fig 1, the only other protein that conserves lysine is TMPRSS4. Histidine and 
arginine are used by TMPRSS5, TMPRSS6, and TMPRSS11A to maintain positively charged 
amino acids. On the other hand, aspartic acid allows TMPRSS13 to carry a negative charge. 
Asparagine, an uncharged polar amino acid, is present in TMPRSS11F. The aromatic 
hydrophobic side chains of TMPRSS7 and TMPRSS12 are phenylalanine and tyrosine, 
respectively. Chain hydrophobic amino acids are present in all the other TMPRSS proteins. 
 
 

 
Sequence of the hmTMPRSS2 protein, that highlights the residues in each detected cavity. 
Pocket C1 – Red, Pocket C2 – Blue, Pocket C3 – Purple, Pocket C4 – Green, Pocket C5 - 
Dark Blue. 
 
 
 

 



 

 
Fig 4: TMPRSS2 Binding Sites (Pockets) molecular docking based on AutoDock Vina. 

 
 
 
 

 

                      

 

Fig: 5 The process of carboxylesterases hydrolyzing the drug camostat to create the active 

metabolite GBPA. The catalytic serine of TMPRSS2 is shown attacking the scissile ester 

bond in red rectangle. 

 

 



 

 
 

Fig 6: The red rectangle indicates the position of the active site catalytic triad in the Ligand 
and Receptor Docking. 

 
 

Fig 6: Showing interactions between Camostat and receptor molecule. 
 

 



 

 
 

Source: https://cadd.labshare.cn/cb-dock2/php/manual.php 
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Table B Comparison of Potential Pockets showing the Vina Score and Contact Residues 
of TMPRSS2(Receptor) and Camostat (Ligand). Selected pockets for each TMPRSS 
protein is provided in table 3 (Supplementary Information). 
 

POCKET 
ID 

VINA 
SCORE  

CAVITY 
VOLUME 

(Å3)  

CENTER 
(X, Y, Z) 

DOCKING SIZE  
(X, Y, Z) 

CONTACT RESIDUES 

C1 -6.8 248 -9, -4, 15 28, 28, 28 Chain A: HIS41 LYS85 THR86 
LYS87 LEU164 ASP180 

SER181 CYS182 GLN183 
SER186 THR204 SER205 
TRP206 GLY207 SER208 

GLY209 CYS210 
C2 -6.7 310 -2, 13, 14 28, 28, 28 Chain A: HIS19 ASN22 VAL23 

HIS24 VAL25 GLN62 SER63 
PHE64 MET65 TRP129 

GLY130 ALA131 GLY136 
LYS137 THR138 GLN183 

GLY184 
C3 -6.5 227 10, 12, 16 28, 28, 28 Chain A: PRO9 ALA57 GLY58 

ILE59 LEU60 ARG61 PHE64 
PHE66 ALA69 TYR71 LEU100 

THR101 ASN103 VAL106 
C4 -6.3 267 2, -19, 18 28, 28, 28 Chain A: MET116 MET117 

LEU118 GLN119 PRO120 
LEU149 ILE150 GLU151 
THR152 MET169 ILE170 
CYS171 ILE201 ASN221 

MET223 VAL224 
C5 -6.1 140 4, -3, 32 28, 28, 28 Chain A: GLU5 SER6 ALA7 

LEU8 GLY10 ALA11 TRP12 
PRO13 TRP14 LYS107 TRP125 

ALA144 TRP198 
 
 

 

 



 

C1-C5 Pocket Analysis 
  
Pocket C1 There are two crucial locations in Pocket C1 that differ between different 

TMPRSS proteins. TMPRSS2 has an uncharged, polar amino acid residue 
at position 181, which is conserved in TMPRSS3, TMPRSS4, TMPRSS9, 
TMPRSS12, and TMPRSS13. Serine or threonine are the two specific 
amino acids that are utilized. There is an alanine in this position in other 
TMPRSS proteins. In Pocket C1, position 204 is a crucial site that 
contains an uncharged, polar amino acid residue in TMPRSS2, TMPRSS3, 
TMPRSS12, and TMPRSS13, whereas other TMPRSS proteins have a 
hydrophobic side chain amino acid (e.g., valine) at that position. 

Pocket C2 Several potential discriminant residues for ligand recognition may be seen 
in Pocket C2, including variations at position 25. At position 25 in the 
genes TMPRSS2, TMPRSS3, TMPRSS4, TMPRSS6, TMPRSS12, and 
TMPRSS13, either valine or isoleucine is present. Among the TMPRSSs, 
TMPRSS7, TMPRSS9, and TMPRSS11B have aromatic hydrophobic side 
chains at this position. Conversely, TMPRSS5, TMPRSS11A, and 
TMPRSS11F have uncharged, polar amino acids such as threonine and 
glutamine at this site, while histidine and arginine are present in 
TMPRSS11D and TMPRSS11E, respectively. 

Pocket C3 The family as a whole has substantial variation in Pocket C3. Both 
TMPRSS2 and TMPRSS3 have a hydrophobic amino acid (leucine) at 
position 47. Amino acids at this location are different in the two 
TMPRSS9 isoforms for this pocket. TMPRSS5, an isoform of TMPRSS9, 
TMPRSS11A, and TMPRSS11E, have aromatic hydrophobic amino acids 
such as phenylalanine and tyrosine. Histidine and lysine, which are 
positively charged amino acids, are present in TMPRSS4 and 
TMPRSS11B, respectively. The amino acid aspartate, which has a 
negative charge, is found in TMPRSS6. The uncharged, polar amino acids 
asparagine and threonine are present in TMPRSS7, the second isoform of 
TMPRSS9, TMPRSS11D, TMPRSS11F, and TMPRSS13. Finally, there is 
no amino acid in this corresponding position for TMPRSS12. 

Pocket C4 Pocket C4 is significant due to the likely interaction between GBPA and 
lysine residue at position 87. The carboxylate of the active metabolite and 
the amide of the prodrug interact in this region. Only two proteins in this 
family, TMPRSS2 and TMPRSS4, have the lysine residue conserved in 
this pocket. 

Pocket C5 While the interactions in pocket C5 do not seem to be directly involved in 
ligand binding based on their positions in relation to the binding pocket, 
changes across the amino acids are evident in this domain. 

 
 
 
Discussion: 
According to alignments and structural analysis, the TMPRSS family of proteins has 
considerable variation that can be used to create selective inhibitors. The variations in the 
main sequence of pockets C1, C2, C3, and C4 can significantly impact ligand binding and 
selectivity. Of particular interest is the position 87 in pocket C4, which plays a crucial role in 

 



 

ligand binding. Lysine 87 is a key anchor site for the GBPA carboxylate group, the active 
metabolite of camostat. It is noteworthy that only TMPRSS2 and TMPRSS4 share this 
conserved lysine at position 87. This is significant because both TMPRSS2 and TMPRSS4 
are known to cleave the Spike protein, which is essential for cell entry. The findings suggest 
that the differences in position 87 may influence the binding of ligands and selectivity of 
pockets, which could have implications for developing therapeutics targeting TMPRSS2 and 
TMPRSS4. Further research is needed to better understand the role of these variations in 
ligand binding and selectivity. Hence, focusing on this location might offer a strategy to limit 
camostat binding off target and selectively inhibit these two enzymes. Through its basic 
sequence, Pocket C1 also features a region of intense negative charges. This makes it possible 
for ligands with positively charged amino acids to engage strongly with TMPRSS proteins. 
The presence of large, bulky positively charged regions in current ligands, such as 
nafamostat, can lead to the formation of strong ionic connections with pocket C1. This 
interaction is a result of the specific core sequence of Pocket C1, which includes a densely 
negative charged region. The strength of these ionic connections can have significant 
implications for the binding and efficacy of the ligand. As such, understanding the interaction 
between the charge distribution of the ligand and the core sequence of Pocket C1 is crucial 
for the development of effective therapeutic agents. Further research in this area may lead to 
the identification of novel ligands with improved binding properties and therapeutic potential. 
 
Conclusion: 
The TMPRSS subfamily of the TTSP family has been linked to the development of cancer 
and infectious diseases like COVID-19. As a result, there has been a lot of interest in 
repurposing medications like camostat and nafamostat for COVID-19 pharmacological 
therapy due to the relationship between Spike protein processing, illness progression, and 
TMPRSS2 activity. Through presented alignments and analyses, noticeable changes in the 
amino acid residues inside the ligand binding pockets of the TMPRSS family of enzymes 
have been identified. The data provided is intended to aid in the identification of distinctive 
TMPRSS2 epitopes that can be utilized in the development of more selective medicines. This 
is important because drug selectivity and off target binding can have a significant impact on 
severe drug side effects. One of the more noteworthy findings of the study is the discovery of 
lys87 as a potential selectivity component designed to suppress TMPRSS2 and TMPRSS4. 
These are the only two members of the family enzymes that have been demonstrated to both 
break down the SARS-CoV Spike protein and conserve this lysine. If it were possible to 
selectively block TMPRSS2,4 and avoid off target binding to other TMPRSS proteins, better 
therapeutic treatments that prevent protease-mediated cleavage of the Spike protein could be 
developed. The identification of distinctive TMPRSS2 epitopes and the discovery of lys87 as 
a potential selectivity component are important steps towards the development of more 
selective medicines for COVID-19 pharmacological therapy. This will ultimately help reduce 
severe drug side effects and improve therapeutic treatments for infectious diseases like 
COVID-19. 
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