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APRESENTACAO

A colecao “Topicos Multidisciplinares em Ciéncias Bioldgicas” € uma obra composta
por estudos de diferentes areas das ciéncias biologicas e da saude. A obra foi ampliada e
recebeu mais 47 capitulos distribuidos em trés volumes. Os e-books foram organizados
por trabalhos resultantes de pesquisas, ensaios teodricos e vivéncias dos autores.

As ciéncias biologicas englobam areas do conhecimento relacionadas as ciéncias
da vida e incluem a biologia, a saude humana e a saude animal. Nesta obra, apresento
textos completos e atuais sobre estudos desenvolvidos durante a formacéo académica
ou na pratica profissional. Os autores séao filiados a diversos cursos de graduacéo e de
pbs-graduacdo em ciéncias biologicas, saude, tecnologia e areas afins.

Em seus 15 capitulos o volume 3 aborda, de forma categorizada, os trabalhos de
pesquisas e revisdes narrativas ou ensaios teoricos que transitam nos varios caminhos
da atuac&o em ciéncias biologicas e areas correlatas. Neste volume vocé encontra textos
sobre biologia celular e molecular, microbiologia, meio ambiente e muito mais.

Espero que as experiéncias compartilhadas neste volume contribuam para o
enriqguecimento de novas praticas profissionais com olhares multidisciplinares para as
ciéncias bioldgicas e suas areas afins. Agradeco aos autores que tornaram essa edi¢cao
possivel e desejo uma 6tima leitura a todos.

Edson da Silva
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in peptidases and is found in almost all living organisms, constituting the family of proteases
best characterized and physiologically versatile. Within the serine proteases are protease
inhibitors, proteins capable of blocking and / or inhibiting the catalytic activity of proteolytic
enzymes, being found naturally in most living organisms. In serine protease inhibitors, two
distinct categories have already been classified, entrapment inhibitors and high affinity
inhibitors. The hemostatic system participates in maintaining balance in living organisms,
maintaining adequate blood pressure and perfusion, controlling bleeding caused by damage
to blood vessels, through processes known as coagulation, where most factors in the
coagulation cascade are serine proteases or cofactors . Among the most important serine
proteases that act in the coagulation cascade are some coagulation factors (I, VII, IX, X, XI,
XIl, for example), the vasodilating molecule kallikrein, which is also a serine protease that
acts on various substrates releasing vasoactive peptides, exercising their natural functions.
In disorders in this cascade, medicine uses inhibitors with anticoagulant action, managing
to reverse or inhibit these diseases. In inflammatory reactions, which is an essential step for
controlling microbial invasion or tissue damage, as well as for maintaining tissue homeostasis,
neutrophils secrete serine proteases such as neutrophil elastase (NE1), proteinase 3 (PR3)
and cathepsin G ( CG), which are components of one of the most important molecular arsenals
for the defense of the organism. Therefore, these facts suggest that new studies in this area
are of great relevance to the evolution of science and medicine.

KEYWORDS: Proteases, protease inhibitors, coagulation.

PROTEASES E SEUS INIBIDORES NOS PROCESSOS DE COAGULACAO E
INFLAMACAO

RESUMO: Proteases ou peptidases sdo moléculas que promovem a clivagem através da
hidrélise de ligagbes peptidicas presentes em proteinas e polipeptideos, transformando-
0s em residuos de aminoacidos ou polipeptideos menores. O grupo das serina-proteases
€ predominante nas peptidases e €& encontrado em quase todos 0s organismos Vivos,
constituindo a familia de proteases melhor caracterizadas e fisiologicamente versateis. Dentro
das serino-proteases estao os inibidores de protease, proteinas capazes de bloquear e/ou
inibir a atividade catalitica das enzimas proteoliticas, sendo encontradas naturalmente na
maioria dos organismos vivos. Nos inibidores de proteases de serina, ja foram classificadas
duas categorias distintas, os inibidores de aprisionamento e inibidores de alta afinidade. O
sistema hemostatico participa da manuteng¢ao do equilibrio nos organismos vivos, mantendo
pressao e perfusdo sanguinea adequadas, controlando o sangramento causado por danos
aos vasos sanguineos, através de processos conhecidos como coagulacdo, onde a maioria
dos fatores na cascata de coagulacdo sao serina proteases ou cofatores. Entre as serina
proteases mais importantes que atuam na cascata de coagulacdo estédo alguns fatores
de coagulacao (II, VII, IX, X, Xl, XII, por exemplo), a molécula vasodilatadora calicreina,
que também é uma serina protease que atua em varios substratos liberando vasoativo
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peptideos, exercendo suas fungdes naturais. Em disturbios nessa cascata, a medicina utiliza
de inibidores com agao anticoagulante, conseguindo reverter ou inibir essas doencgas. Nas
reacOes Inflamatdrias, que é uma etapa essencial para o controle da invasdo microbiana ou
leséo tecidual, bem como para a manutengao da homeostase tecidual, os neutréfilos secretam
serina proteases como elastase de neutréfilos (NE1), proteinase 3 (PR3) e catepsina G (CG),
gue sdo componentes de um dos arsenais moleculares mais importantes para a defesa do
organismo. Sendo assim, esses fatos sugerem que novos estudos nessa area séao de grande
relevancia para a evolugéo da ciéncia e medicina.

PALAVRAS-CHAVE: Proteases, inibidores de proteases, coagulacgéo.

11 INTRODUCTION

In general, proteases or peptidases are a group of molecules that promote cleavage
through the hydrolysis of peptide bonds present in proteins and polypeptides, transforming
them into amino acid residues or smaller polypeptides (ABBENANTE; FAIRLIE, 2006).
They can be divided into two groups: exopeptidases, which have the ability to hydrolyze
amino acids in the N or C terminal portions of the polypeptide chains, and endopeptidases,
which cleave the internal peptide bonds of the chain; endopeptidases are still classified
according to their catalytic mechanism and its specificity in four families: aspartic, serine,
cysteine and metal proteases (ABBENANTE; FAIRLIE, 2006), as seen in Table 1.

CLASSES REPRESENTANTS ACTIVE SITE
Serine peptidases Chymotrypsin Ser, Asp, His
Trypsin
Elastase

Cathepsins Aand G

Papain
Actinidine
Caspases Cys
Cathepsins B, C, H, K, L, O, Sand W

Cisteine peptidases

Aspartic Pepsin Asp, Try
peptidases Cathepsins D and E
Renin
Carboxipeptidase A and B
Metallopeptidases Aminopeptidases Metal lons

Thermolysin

Table 1. Proteases classification (Adapted from SANTOS et al., 2012).
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The group of serine proteases is the predominant catalytic type in peptidases and is
found in almost all living organisms, constituting the family of proteases best characterized
and physiologically versatile (LOPEZ-OTIN; BOND, 2008). The pancreatic serine
proteases trypsin, chymotrypsin, elastase, cathepsin G, among others, have a chemical
characteristic that unites them in this group, the presence in their active sites of the catalytic
triad asparagine (Asp), histidine (His) and serine (Ser). The catalysis mechanism occurs
through a transition stage between acylation and deacylation (DOS SANTOS et al., 2012).

In humans, generally, serine proteases are involved in several important physiological
processes such as digestion, blood clotting, healing, cell differentiation and growth, cell
signaling, immune response and apoptosis, that are just some of the most cited examples.
Most proteases related to these pathways belong to the class of serine proteases (HUSSAIN
et al., 2014; POWERS; ASGIAN; JAMES, 2002; ZHU et al., 2017) and as such, the action
of these proteases, in vivo, is controlled by several mechanisms such as: regulation of
gene expression; activation of its inactive zymogens; blockade by endogenous inhibitors;
Targeting specific compartments such as lysosomes, mitochondria and specific apical
membranes; post-translational modifications such as glycosylation, bonding to metals,
bonding in disulfide bridges (S-S), proteolysis and degradation (LOPEZ-OTIN; BOND,
2008). Thus, among the main active agents in these control pathways are protease
inhibitors, which are proteins capable of block and / or inhibit the catalytic activity of
proteolytic enzymes, being found naturally in most living organisms (PAIVA et al., 2013).

Inhibitors are ubiquitous proteins - whose molecular mass ranges from 10 KDa to 90
KDa - occur in plants, animals and microorganisms; being extremely abundant in plants
in the tissues of vegetative, reproductive and storage organs. In seeds and tubers, about
10% of the total proteins are composed of protease inhibitors (MANDAL et al., 2002;
SANTOS et al., 2012).

Contact between the protease inhibitor and the protease itself is complementary,
due to the interactions between the active site of the proteinase and the segment of the
polypeptide chain of the inhibitor that contains the reactive site, which is why its enzyme-
inhibitor complex is established quickly and its dissociation occurs slowly (LASKOWSKI;
QASIM, 2000). This complex can produce changes in the conformation of its inhibitory
molecule, such as, for example, the rotation of side chains in a way that keeps the main
enzyme chain with little movement (LU et al., 1997).

1.1 Serine protease inhibitors

Some important groups of serine protease inhibitors have been identified, both
in plants and in animals, and can be classified into two distinct categories: entrapment
inhibitors, that include a2-macroglobulins and serpins; and high-affinity inhibitors, such
as Kunitz and Kazal-type inhibitors (Figure 1). Inhibition by entrapment inhibitors can
result in proteolytic cleavage, whereas proteases linked to strong binding inhibitors can
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be released intact, whereas inhibitors can be released in their native or cleaved form
(BLISNICK; FOULON; BONNET, 2017).

Figure 1 - Representation of the secondary structure of protease inhibitors. a-helix, loops
and B-leaves are represented in red, blue and yellow respectively. A - Ixodis ricinus serpin (PDB
number: 3NDA); B —a2 human macroglobulin component 5 (C5) of the complement system (PDB
number: 3CU7); C — R. appendiculatus Kunitz Inhibitor (PDB number: 2UUx).; D - Kazal inhibitor of
Dipetalogaster maximus (PDB number: 1KMA). Image adapted from Blisnick, 2017.

The interaction of the inhibitor with the target serine protease can occur through the
binding to the reactive site, which can present different conformations and a high degree
of flexibility, thus, each serine protease inhibitor family has its characteristic inhibition
mechanism. (TREMACOLDI, 2009).

1.2 Protease inhibitors and coagulation

Living organisms are in a stable equilibrium, where adjustments are made in response
to any stimulus, negative or positive, that may disturb this balance. The hemostatic system
participates in maintaining this balance by maintaining adequate blood pressure and
perfusion, controlling bleeding caused by damage to blood vessels, through processes
known as coagulation (GIORDANO et al., 2017).
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Figure 2 - Scheme of the coagulation cascade to form the fibrin network. Adapted from VINE A. K.
(2009).

Coagulation is an essential phenomenon for maintaining hemostasis. It occurs through
the mediation of serine proteases, cofactors, cell receptors and protease inhibitors. Most of
the factors in coagulation cascade are serine proteases or cofactors (except for factors V
and VIII, which are glycoproteins and factor Xlll, a transglutaminase). Coagulation has the
goal of promoting the formation of the fibrin network or the “clot” (HOFFBRAND, PETTIT
& MOSS, 2013; VINE, 2009).

Coagulation was initially described as occurring in two pathways, intrinsic and
extrinsic, which are processes that consist of proteolytic cascades, eventually converging
on a common path that generates the thrombus. Subsequent studies have proposed a
model of hemostasis with 4 overlapping stages: initiation, amplification, propagation and
termination, in which coagulation factors are regulated by the properties of cell surfaces
(Figure 2).

During normal homeostatic conditions, the human body maintains a constant balance
between the formation of thrombi and their destruction. This balance is maintained by a
complex interaction between platelets, the vascular endothelium, the coagulation cascade
and the fibrinolytic system.

The class of proteases involved in the coagulation cascade is an important information
to understand the mechanism of action of regulatory molecules as well as exogenous




factors that may interfere directly or indirectly in this entire process. Among the most
important serine proteases that act in the coagulation cascade are some coagulation
factors (II, VII, IX, X, Xl, XIl for example), the vasodilating molecule kallikrein, which is
also a serine protease that acts on various substrates releasing vasoactive peptides , thus
exercising their natural functions (MAAS; RENNE, 2018; VINE, 2009).

The biochemical reactions of blood clotting must be strictly regulated, in order to
avoid excessive activation of the system, leading to inadequate fibrin formation and, as
a possible consequence, vascular obstruction. In fact, the activity of proteases operating
in the activation of coagulation is regulated by numerous inhibitory proteins, which act as
natural anticoagulants (RAFT et al., 2015).

Diseases related to some type of dysfunction and / or dysregulation in the components
of the coagulation cascade, generate major problems that are used as arguments for further
research in this area. In this scenario, the use of inhibitors with anticoagulant action has
been the subject of several studies. In a study carried out with a “Kunitz” inhibitor, obtained
from heterologous expression in Pichia pastoris, it was proven that the main action in
protecting against the formation of brain thrombi in rats came from the active domain of
the inhibitor (XU et al., 2017). In another study, it was demonstrated that the specific amino
acid residues that make up some inhibitory proteins can be used as an anticoagulant due
to their action on the common coagulation pathway, mainly in the inhibition of factor Xa
(ZHU et al., 2017).

Many other inhibitors of serine proteases of various origins can interfere in the
blood coagulation cascade, such as, for example, the Kazal inhibitor present in the
hematophagous bug proboscis, Dipetalogaster maximus, that is responsible for inhibiting
thrombin, indicating its possible role in feeding this insect. Therefore, these inhibitors
derived from different sources may be used in clinical pharmacology as anticoagulant
agents (RAMALHO, L. G., SASSAKI, 2014).

Synthetic molecules derived from natural inhibitors are also widely used in the clinic
against coagulopathies and in surgical interventions, such as bivaluridine, an oligopeptide
analogous to hirudin that is naturally produced by leeches and binds reversibly to thrombin.
This molecule has been shown to be much more efficient than heparin in preventing
excessive bleeding in vascular surgeries and its cost is more accessible (ANDREOQOU;
MANIOTIS; KOUTOUZIS, 2017; R., 2000).

1.3 Protease inhibitors and inflammatory process

The processes that govern inflammatory reactions are vital for the body. It is already
well known that in some cases of morbidity / lethality of individuals there is a relationship
with some dysfunction in specific processes in the inflammation pathways. Thus, the
inflammatory process works on a complex regulation system, responsible for preventing
undue activation and / or an exacerbated reaction in the face of an injury that does not
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represent a real danger to the organism, promoting the inactivation of effector elements,
prolonging and closing the process (BARRINGTON et al., 2001; GRANGER DN, 2010).

Inflammation is a classical well-recognized essential step for the control of microbial
invasion or tissue injury as well as for the maintenance of tissue homeostasis under
various noxious conditions (MEDZHITOV, 2010; SCRIVO ET AL, 2011; MANCEK-KEBER,
2014). The causes of inflammation are numerous and varied: infectious agent, inert
foreign substance, physical agent, posttraumatic cytotoxic injury, etc. Inflammation begins
with a ‘recognition’ reaction involving certain cells of the body (monocytes, macrophages,
lymphocytes), or circulating proteins (antibodies, complement proteins, Hageman factor,
etc.).

The polymorphic nuclear neutrophil represents between 35 to 75% of the circulating
immune system cell population, being the most abundant white blood cell in mammals
(THEILGAARD-MC")NCH; PORSE; BORREGAARD, 2006). Among other molecules, the
neutrophil secretes serine proteases such as neutrophil elastase (NE1), proteinase
3 (PR3), and cathepsin G (CG), which are components of one of the most important
molecular arsenals for the defense of the organism, participating in the non-oxidative
pathway intracellular and destruction of pathogens outside the cells (Figure 3) (MEYER-
HOFFERT; WIEDOW, 2011).

During the phagocytosis event there is a great demand for neutrophils, thus, HNE,
PR3 and CG are released into the extracellular space as the main proteases. Due to the
high proteolytic activity of these enzymes, their activity seems to be well regulated, both
in the intracellular and in the pericellular space to avoid the degradation of important
structures such as connective

Azurophilic (also known as primary) granules:
BPI, neutrophil elastase, cathepsin G, protease 3,
azurocidin, myeloperoxidase

OOO — Myeloperoxidase
‘ HOBr
_ HOI

H,0,
a P T T o
. oy l Chloramines

:O}. — OE — .OH

Nets that trap bacteria
and neutrophil elastase

Specific and tertiary granules:
Lactoferrin, lipocalin, lysozyme,
LL37, MMP8, MMP9 and MMP25

oo | Calprotectin

Figure 3 - Example of molecular arsenal of neutrophils in response to injuries. Figure adapted from Carl
Nathan (2006).
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tissue proteins including, collagen, proteoglycans, elastin (JANOFF, 1985). There are
families of protease inhibitors such as serpins and macroglobulins that are closely linked in
the control of the proteolytic activity of HNE, PR3 and CG. The individual contributions of
these families will depend on their location in the tissue and what are their target proteases
(BRICE KORKMAZ, MARSHALL S. HORWITZ, DIETER E. JENNE, 2010).

Recent studies have shown inhibitors that have an inhibitory action for the mentioned
proteases are of great therapeutic interest, since this type of molecule is involved in several
inflammatory diseases, including chronic obstructive pulmonary diseases (COPD), asthma
and cystic fibrosis. These inhibitors act on elastase-type enzymes, for example, which
are a class of serine proteinases that enzymatically degrade elastin (OSSOVSKAYA;
BUNNETT, 2004).

In the search for alternatives for the treatment of pathologies that have serine
proteases, elastase, proteinase 3 and cathepsin G in their pathological processes, a field
of studies focused on natural products has shown promising. Some studies report the
presence of elastase inhibitors, for example, in seeds of plants of different classes (LYU
et al., 2018; RIBEIRO et al., 2010; ROCCO et al., 2011; SUMIKAWA et al., 2006). These
inhibitors can be used in the clinic in many ways to prevent or treat diseases related to

disorders in the inflammatory process.
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