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ABSTRACT  

Objective: In this study, in silico analysis of human off-target proteins of tecovirimat, an investigational drug reported to stop monkey pox virus 
infection by binding to a protein that the virus uses to enter host cells was performed to better understand its off-target long-term and short-term 
effects on other important biological processes in patients.  

Methods: The target and off-target proteins of the drug, as well as their characteristics, protein-protein interactions, and the pathways they are 
involved in, were thoroughly analyzed using a number of databases, including Drug Bank, the NCBI Gene Database, BLAST, the UCSC Gene Sorter, 
Gene MANIA, STRING, and the Kyoto Encyclopedia of Genes and Genomes (KEGG) Pathway Database. 

Results: The current study showed that although the repurposing drug tecovirimat aids in the treatment of patients with monkeypox by binding to 
the viral p37 protein, it can also accidentally interfere with vital biological processes by interacting with off-target proteins or by indirectly 
interfering with the proteins that interact with these target proteins. 

Conclusion: The findings highlight the importance of extensively assessing and evaluating all repurposed drugs for their off-target effects before 
making them available to the general public. 
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INTRODUCTION  

Monkeypox is caused by a DNA virus (MPV, MPXV, or hMPXV), 
which was found in humans in 2003. Monkeypox virus is a 
zoonotic virus that belongs to the orthopoxvirus family and has a 
genome size of 190 kb. The monkeypox virus, like other 
poxviruses, has an oval shape and an outer lipoprotein membrane 
that shields viral enzymes, DNA, and transcription factors. 
Monkeypox viruses rely mostly on the protein encoded in their 
genome that permits them to multiply in the cytoplasm of the host 
cells [1]. Like smallpox and rabbitpox, monkeypox is a poxvirus 
with a peculiar life cycle. Despite being DNA viruses, monkeypox 
totally bypasses the host cell nucleus and instead completes 
replication, transcription, translation, and virus assembly in the 
cytoplasm. MPXV transmission can occur through an animal bite 
or scratch direct contact with an infected animal's blood, biological 
fluids, tissue, or sores.  

As soon as the virus attaches to and fuses with the host cell, it 
uncoats and begins to produce early genes. At this stage, DNA 

replication initiates, followed by the transcription of early and late 
genes. The p37 protein aids in the formation and coating of 
intracellular mature virions (IMVs), which can either remain inside 
host cells as cell-associated virus (CEV) particles or migrate outside 
cells as extracellular enveloped virus (EEV) particles. p37 is a 37 kDa 
peripheral membrane protein expressed by the F13L gene that plays 
an important role in IMV particle envelopment. As a result, p37 is 
responsible for virulence by producing and egressing wrapped 
virions. The emergence of zoonotic diseases has grown increasingly 
widespread as a result of a variety of factors such as urbanization, 
deforestation, tourism, zoos, climate change, and wildlife 
exploitation. Drug repurposing has effectively found promising 
candidate drugs that potentially open up new treatment paths for 
treating these emerging viruses such as SARS-CoV-2, MERS-CoV, and 
H5N1 [2]. Repurposing existing drugs can be appealing, given the 
process is often safer, less expensive, and can be carried out in less 
time. One such repurposed medicine, tecovirimat, was recently 
licensed by the US Food and medicine Administration (FDA) against 
poxviruses and targets the critical viral p37 protein [3] (fig. 1). 

 

 

Fig. 1: Structure of tecovirimat drug (a) 2D structure (b) 3D structure 

 

Tecovirimat inhibits the crucial viral p37 protein and consequently 
prevents the formation and egress of enveloped virions, which are 
essential for virulence (fig. 2). As most investigational drugs have a range 
of mild to severe short-and long-term unfavorable side effects, this study 

aimed to understand tecovirimat’s off-target effects by identifying and 
analyzing structurally comparable off-target proteins. It also aimed to 
explore the possibility of analyzing tecovirimat drug behavior in silico for 
effective pathological control and after-effect management. 
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Fig. 2: Schematic illustration of the MPXV replication cycle and the mechanism of action of the tecovirimat drug 

 

MATERIALS AND METHODS 

Drug Bank was used to extract detailed information of about 
tecovirimat, a drug used for monkeypox treatment. It provided 
information on the Drug Bank accession number, type, groups, weight, 
chemical formula, structure, mode of action in the body, toxicity, 
absorption, and metabolism [4]. The NCBI Gene Database was used to 
learn about the p37 gene, including its symbol, gene type, lineage, and 
summary. Furthermore, the amino acid sequence of the p37 protein 
was retrieved. Next, other human proteins with similar amino acid 
sequences were identified using the NCBI Basic Local Alignment 
Search Tool (BLAST). The "Distance tree of results" was selected to 
obtain a visual representation of how different proteins are related 
based on the sequences they share. The two most closely related off-
target proteins were identified by analyzing the Distance tree of 
results [5]. For a better understanding of the functions of the p37 gene 
in humans, the Kyoto Encyclopedia of Genes and Genomes (KEGG) 
Pathway Database was used, from which various signaling pathways 
involving p37 and related proteins were obtained and studied [6]. 
Moreover, the Amazonia database was used to identify the tissues and 
organs that will be most disrupted by the drug targeting p37. The 
expression levels of the off-target proteins that were found to be 
similar to p37 in different human tissues and organs were also 
observed using the Amazonia database. The effect of binding the 
tecovirimat drug to the off-target protein was further studied using 
various research databases and literature searches. The protein-
protein interaction networks of the off-target proteins were studied 
using the STRING (Search Tool for the Retrieval of Interacting 
Genes/Proteins) database [7, 8]. 

RESULTS AND DISCUSSION  

The twelve proteins having a similar structure as the p37 protein 
were found to belong to the phospholipase D superfamily. Four 

major types of phospholipases (A, B, C, and D) categorized based 
on where phospholipids are cleaved belong to this superfamily. 
Each of the phospholipase families contains a large number of 
isoforms, each of which is expressed in various cell types and 
organelles and serves a particular purpose. Two isoforms of 
phospholipase D (PLD) enzymes that hydrolyze the abundant 
membrane phospholipid, phosphatidylcholine (PC), into the 
choline headgroup and phosphatidic acid (PA), namely, 
phosphatidylcholine-hydrolyzing phospholipase D3 (PLD3) and 
phosphatidylcholine-hydrolyzing phospholipase D4 (PLD4 
isoform), show the best homology match with the p37 protein 
(table 1). Using STRING, protein interactions were generated with 
off-target proteins (PLD3 and PLD4) that may cause disturbances 
in the functioning of these genes indirectly. 

Phosphatidylcholine-hydrolyzing phospholipase D3 (PLD3) 

The PLD3 gene encodes the phosphatidylcholine-hydrolyzing 
phospholipase D3 protein. PLD 3 is highly expressed in the brain 
and, in particular, in cortical neurons. PLD3 is a 5'-3' exonuclease 
that resides in lysosomes, where it is implicated in the regulation of 
inflammatory responses by degrading ssDNA [9]. Defects in nuclease 
activity and ER retention are caused by the PLD3 mutation. Genetic 
variants in PLD3 affect proteolytic processing, intracellular sorting, 
and specific acid 5′ exonuclease activity and have been associated 
with a higher risk of developing Alzheimer’s disease [10-12]. PLD3 
depletion and exonuclease dysfunction-causing SNPs promote 
lysosomal impairment and congestion of the degradative route. 
Moreover, genetic variants in PLD3 have been linked with 
cerebrospinal fluid total-tau and phosphorylated-tau levels, 
cognitive function in Alzheimer’s disease patients, and are 
additionally associated with other neurological traits like longevity 
[13-15].

 

Table 1: Structurally Important off-target proteins with a similar structure to p37 

Protein Query coverage Blastp E-value Genome sequence Genome location 
Phospholipase D5 isoform 4 98% 1e-27 Chromosome 1, NC_000001.11 Chr1, 242,089, 854-242,348,148 
Phospholipase D5 isoform X1 96% 5e-27 Chromosome 1, NC_000001.11 Chr1, 242,089, 854-242,361,011 
Phospholipase D5 isoform 2 96% 5e-27 Chromosome 1, NC_000001.11 Chr1, 242,089, 854-242,449,356 
Phospholipase D5 isoform X2 96% 5e-27 Chromosome 1, NC_000001.11 Chr1, 242,089, 854-242,348,158 
Phospholipase D5 isoform 1 96% 7e-27 Chromosome 1, NC_000001.11 Chr1, 242,089, 854-242,524,276 
Phospholipase D5 isoform X4 84% 2e-21 Chromosome 1, NC_000001.11 Chr1, 242,089, 854-242,288,448 
5'-3' exonuclease PLD3 95% 1e-19 Chromosome19, NC_000019.10 Chr19, 40,366, 484-40, 378,173 
Phospholipase D5 isoform 3 69% 1e-19 Chromosome 1, NC_000001.11 Chr1, 242,089, 854–242,220,098 
Phospholipase D5 isoform X3 69% 3e-19 Chromosome 1, NC_000001.11 Chr1, 242,089, 854–242,251,706 
5'-3' exonuclease PLD4 isoform 2 68% 2e-17 Chromosome 14, NC_000014.9 Chr14, 104,927 ,141–104,932,964 
5'-3' exonuclease PLD4 isoform 1 68% 2e-17 Chromosome 14, NC_000014.9 Chr14, 104,927, 120–104,932,964 
5'-3' exonuclease PLD4 isoform X1 52% 7e-14 Chromosome 14, NC_000014.9 Chr14, 104,927, 120–104,937,212 
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Phosphatidylcholine-hydrolyzing phospholipase D4 (PLD4) 

PLD4 is a transmembrane glycoprotein, a member of the phospholipase 
family without phospholipase D activity [16]. PLD4 is involved in the 
phagocytosis of microglia and specifically regulates exocytosis [17]. 
Immunohistochemical analysis revealed that the main expression of 
PLD4 is located in the colon cancer mesenchymal and lymph nodes 
compared with normal tissues, where PLD4 promotes M1 macrophages 
to perform antitumor effects in colon cancer cells [18]. The expression of 
PLD4 was closely associated with M1-type macrophages, and inhibition 
of its expression in M1 macrophages by siRNA led to a significant 
decrease in the secretion of pro-inflammatory cytokines IL-1, IL-6, and 
TNF-α. PLD4 is reported to be involved in the activation of M1 cells in 
vitro and has an inhibitory effect on colon cancer [18]. PLD4 might play 
an important role in regulating the activation of M1 macrophages, which 
are capable of inducing lysis in various types of cancer cells, but the 
mechanism of action needs further exploration [19]. The manner in 
which PLD4 impacted macrophage activation still needed further study. 
According to many studies, PLD4 loci are reported to be associated with 
rheumatoid arthritis and also associated with systemic lupus 
erythematosus (SLE) and systemic sclerosis, suggesting the role of PLD4 
in autoimmune diseases [20]. Single nuclear polymorphisms (SNPs) 
associated with PLD4 are associated with susceptibility to rheumatoid 
arthritis. According to recent studies, two autoimmune disorders with 
aberrant inflammatory skin lesions, systemic sclerosis and rheumatoid 
arthritis, are linked to mutations in the PLD4 gene [21, 22]. 

These findings draw attention to the severe negative effects of 
tecovirimat drug binding to off-target proteins in patients, including 
rheumatoid arthritis, systemic sclerosis, hypertension, acute respiratory 
distress syndrome, congenital muscular dystrophy, intellectual disability, 
visual impairment, normochromic anemia, renal failure, cancer, and 
neurodegenerative disorders such as Alzheimer's disease. 

 

 

(a) 

 

(b) 

Fig. 3: (a) Protein-protein interaction networks of PLD3 (b) 
Protein-protein interaction networks of PLD4 

Protein-protein interactions 

Protein interactions with off-target proteins of the tecovirimat drug, 
PLD3 and PLD4, were investigated in order to gain insight and 
understanding into how they may induce indirect disruptions in the 
function of these genes (fig. 3a and b). 

These interactions also aid in determining the molecular basis of 
disruptions and the cell's reaction to them. Ten proteins generated 
by STRING for the protein-protein interaction networks of PLD3 and 
PLD4 were PLD2, HIPK4, CHPT1, LCAT, PPAPDC1A, PPAPDC1B, 
PEMT, CDS1, LPCAT4, and TMEM189-UBE2V1. 

Phospholipase D2 (PLD2) is involved in signal-induced cytoskeletal 
regulation and endocytosis. It is involved in various cellular 
functions, and variation in its expression can lead to a number of 
health concerns like high blood pressure, oncogenesis, diabetes, and 
obesity [23, 24]. Any variation in the level of expression of 
homeodomain-interacting protein kinase 4 (HIPK4), a crucial 
regulator of sperm head shape and a possible target for male 
contraception, can result in male infertility [25]. HIPK4 
diacylglycerol choline phosphotransferase (CHPT1), a key player in 
the development and maintenance of vesicular membranes, 
catalyzes the synthesis of phosphatidylcholine from CDP-choline. 

Overexpression of CTL1 is reported in several cancer cell lines and is 
linked to the development of malignancy, while decreased CTL1 
expression is linked to acute respiratory distress syndrome (ARS) 
[26, 27]. An essential enzyme in the extracellular metabolism of 
plasma lipoproteins is lecithin cholesterol acyltransferase (LCAT). 
LCAT is also produced in the brain by primary astrocytes and is 
involved in the esterification of free cholesterol on nascent APOE 
(Apolipoprotein E). Any deviation from the normal expression level 
of LCAT might cause visual impairment, normochromic anemia, and, 
in rare cases, renal failure [28]. Phospholipid phosphatases 4 and 5 
(PPAPDC1A and PPAPDC1B) are engaged in a number of cell-
signaling pathways and serve as carcinoma suppressors that belong 
to the PA-phosphatase-related phosphoesterase family [29]. 
Phosphatidylethanolamine N-methyltransferase (PEMT) catalyzes 
the methylation pathway of phosphatidylcholine biosynthesis, and 
the dysregulation of PEMT activity can cause changes in lipid 
metabolism [30]. A crucial enzyme in the production of 
phosphatidylinositol, phosphatidylglycerol, and cardiolipin is 
phosphatidate cytidylyltransferase 1 (CDS1). In the brain, CDS1 is 
reported to be involved in the signal transduction mechanism of 
retinal and neural cells. The dysfunction of CDS1 has been reported 
to be associated with congenital muscular dystrophy, cataracts, and 
intellectual disability [31]. A specific group of lysophospholipids 
serve as substrates for the lysophospholipid acyltransferase 
(LPCAT4), which exhibits acyl-CoA-dependent lysophospholipid 
acyltransferase activity. Variations in LPCAT4 expression have been 
linked to apoptosis, indicating that lysophospholipid esterification is 
essential for preserving cellular structure and function [32]. 
Plasmanylethanolamine desaturase (TMEM189-UBE2V1) belongs to 
the ubiquitin-conjugating enzyme family, which catalyzes the last 
step in the synthesis of plasmalogens, an abundant group of 
glycerophospholipids that is deficient in diseases like Alzheimer's 
[33]. As a result, the protein-protein interactions studies revealed 
that tecovirimat overdose may cause indirect disruptions in the 
functioning of these proteins, eventually leading to many severe 
short-and long-term side effects in patients.  

CONCLUSION 

This study emphasizes the importance of carefully assessing and 
evaluating the off-target effects of all approved repurposed drugs 
before their administration to the general population in order to 
comprehend their off-target effects. The results of the current study 
showed that although the repurposing drug tecovirimat aids in the 
treatment of patients with monkeypox by binding to the viral p37 
protein, it can also accidentally interfere with vital biological 
processes by interacting with off-target proteins or by indirectly 
interfering with the proteins that interact with these target proteins. 
This can have severe negative effects on patients, including 
rheumatoid arthritis, systemic sclerosis, hypertension, diabetes, 
obesity, acute respiratory distress syndrome, congenital muscular 
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dystrophy, intellectual disability, visual impairment, normochromic 
anemia, renal failure, and neurodegenerative disorders like 
Alzheimer's disease. Long-term exposure to the drug could possibly 
make consumers susceptible to cancer.  
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