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ABSTRACT

Serine proteases are enzymes expressed in immune cells that are important in the body’s defence against infection where
they perform a degrading function and actively participate in the regulation and amplification of the immune response.
They contribute to the destruction of infected cells through cytotoxic mechanisms mediated by cytotoxic T lymphocytes
and natural killer (NK) cells, promoting the induction of apoptosis. Furthermore, they modulate the inflammatory
response by activating or inactivating cytokines and receptors involved in the recruitment and activation of other immune
cells.
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INTRODUCTION

Serine proteases are expressed by several immune cells, such as CD8" T cells, natural killer (NK) cells, and innate
lymphocytes, and are capable of inducing cell death in virus-infected cells and tumors (1). Their name comes from the
fact that they contain the amino acid serine in their active site, which is essential for their catalytic activity. Serine
proteases play a fundamental role in the body's defences.

Neutrophils and mast cells (MCs) release serine proteases, causing extracellular matrix degradation, cytokine
activation, and tissue damage. Neutrophils are short-lived phagocytic immune cells that produce serine proteases such as
elastase, proteinase 3, and cathepsin G, to destroy pathogenic microorganisms and modulate inflammation (2). MCs are
immune cells involved in the innate and adaptive immune response. During the innate immune response, MCs release
tryptase and chymase, which are key proteases in allergies and inflammation (3).

Serine proteases also play a crucial role in regulating inflammation and can act both as direct activators of
inflammatory mediators and as indirect mediators, although many serine proteases are produced as inactive zymogens
(4). Thrombin, complement (Clr, Cls), and the kallikrein-kinin system are involved in coagulation (5). Serine proteases
activate complement molecules C3 and C5, which generate the anaphylatoxins C3a and C5a, which cause chemotaxis,
increased permeability, and MC degranulation (6). Serine proteases also act on the kallikrein—kinin system, producing
bradykinin, which mediates pain, edema, and vasodilation.

Serine proteases release sequestered growth factors and act on the extracellular matrix, causing the degradation of
collagen, elastin, and proteoglycans (7). An active protease cleaves and activates other proteases, causing rapid
amplification of inflammation. Humans have four protease-activated receptors (PARs): PAR-1, 2, 3, and 4 (8). Activation
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of PAR receptors by serine proteases is one of the main mechanisms of inflammation (9). The protease cleaves the
extracellular domain of the receptor, exposing a ligand that activates the receptor. PAR receptors belong to the family of
G-protein-coupled receptors (GPCRs) and are activated by proteases that cleave a portion of the receptor, exposing an
internal ligand that activates it (10). Activation of G-proteins leads to an increase in intracellular calcium, which in turn,
activates NF-kB and MAPK. These effects lead to the production of pro-inflammatory proteins such as IL-1, IL-6, and
TNF, as well as adhesion molecules (11). Monocyte-macrophages are important cells for antigen presentation and the
inflammatory response and can also express some serine proteases involved in regulating the immune response and tissue
remodelling (12).

DISCUSSION

Serine proteases play an important role in protein degradation, both through peptide cleavage and in digestion,
regulation, and cell signaling (13). They are characterized by a reactive serine in the active site. Trypsin, chymotrypsin,
elastase, and thrombin are all serine proteases, which belong to the same enzyme family and share the same catalytic
mechanism, but perform different biological functions (14). The function of these enzymes is to cut proteins into small
peptides.

Serine proteases are enzymes that use a serine residue in the active site to cleave peptide bonds and participate in the
destruction of microorganisms through various molecular mechanisms, both direct and indirect (15). All serine proteases
share a catalytic triad that uses trace minerals at low doses to stimulate the body's enzymatic and metabolic processes.
Histidine activates serine, making it nucleophilic, and serine attacks the carbonyl carbon of the peptide bond of the
substrate, forming a tetrahedral intermediate with cleavage of the peptide bond (16,17). This allows the formation of an
acyl enzyme, a covalent intermediate that cleaves the protein. One portion of the protein is released, while the other
remains bound to the acyl-enzyme intermediate. A water molecule that has been activated by histidine then enters, attacks
the acyl intermediate, releases the second peptide fragment, and the enzyme returns to its initial state (18). The result is
that one protein is formed into two peptides.

In the cellular machinery of protein degradation, serine functions on many cell types. For example, in the digestive
tract, dietary proteins are broken down into amino acids (19). Some proteases regulate the activation of other proteins,
apoptosis, and the immune response. Each serine protease recognizes specific sequences, such as trypsin, which cleaves
after basic amino acids (Lys, Arg); chymotrypsin, which cleaves after aromatic residues; and elastase, which acts in the
small intestine to degrade dietary proteins, facilitating their digestion and absorption, to create small residues (20).

Serine proteases are produced as inactive zymogens, e.g., trypsinogen-trypsin, and are regulated by protease inhibitors
(21). The main difference between the various serine proteases is not the mechanism, but the substrate specificity and
biological function. For example, trypsin cleaves after basic amino acids (lysine, arginine), has a protein-digesting
function in the intestine, and activates other zymogens with a primary role (22). Chymotrypsin cleaves after aromatic
amino acids (phenylalanine, tyrosine, tryptophan) and has a digestive function (23).

Effect of Serine Proteases on Microorganisms

Viruses are obligate intracellular organisms that use the host cell to reproduce and infect cells by binding to specific
membrane receptors. They enter through membrane fusion or endocytosis. Inside the host cell, the virus can release its
genetic material, which can be DNA or RNA, and uses cellular metabolism to replicate its genome. Infected cells are
recognized and destroyed by immune cells (24).

Serine proteases are important enzymes of the immune system that help kill bacteria, viruses, fungi, and parasites. NK
cells and cytotoxic T cells recognize tumor and virus-infected target cells as foreign and kill them through the release of
perforin, which creates pores in the target cell membrane, and granzymes that enter the cell through the pores produced
by perforin (25). Granzymes activate caspases, damage DNA, destroy proteins vital to the target cell, and cause apoptosis
(26). In humans, there are 5 different types of granzymes: granzyme A, B, H, K, and M, and granzyme B is faster and
more active in causing damage to target cells by rapidly activating apoptosis (27,28).

Serine proteases activate complement proteins, leading to the formation of the membrane attack complex (MAC) (29).
This leads to pathogen entrapment and direct lysis, resulting in the activation of coagulation factors, the formation of pro-
inflammatory molecules, and the recruitment of immune cells (Fig.1). Serine proteases can cleave microorganism surface
proteins, alter their membranes, and destroy harmful molecules. These serine effects facilitate cellular phagocytosis, kill
the microorganism, and enhance the immune system (30).
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Fig. 1. Serine proteases are expressed by immune cells that play a crucial role in the defense against viral infections.
Granzymes released by CD8" cytotoxic T lymphocytes and natural killer (NK) cells are essential for eliminating infected
cells. After recognizing the viral antigen, cytotoxic T lymphocytes release granules containing perforin and granzymes.
Perforin facilitates the formation of pores in the target cell membrane, allowing the granzymes to enter. Once inside,
these serine proteases activate apoptotic cascades through caspase activation, leading to programmed cell death and
limiting the spread of the virus. Serine protease mediates inflammation and cellular recruitment.

CONCLUSIONS

Serine proteases are a family of highly versatile enzymes, with both effector and regulatory functions. They act by
using a serine residue in the active site to cleave peptide bonds and participate in the destruction of microorganisms both
directly and indirectly. Furthermore, they participate in the regulation of adaptive immunity, thus contributing to the
response against viruses.

Therefore, serine proteases represent an important weapon for controlling viral infections, but they can potentially
have pathological and inflammatory effects. A thorough understanding of their mechanisms of action could open new
therapeutic avenues, both to enhance the antiviral response and to limit inflammation.
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