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SUMMARY

Type 2 Diabetes Mellitus (DM) contributes to increased morbidity and mortality from chronic non-communicable diseases
in illnesses (NCDs) such as cholesterol and cardiovascular problems. In Brazil, cowpea is cultivated mainly
the semi-arid sertéo of the Northeast region, and in small areas in the Amazon. The syncretins GIP and GLP-1 are part

of the glucagon-like peptide family, so there is some correlation in the amino acid sequence between these peptides.
These peptides bind to six specific GIP and GLP-1 receptors and are rapidly metabolized by the enzyme dipeptidyl
peptidase-IV (DPP-1V). The objective of this study is to compare, using various in silico tools , the binding of the DPP-IV
enzyme to peptide KD and also the bioactivity through the Biopep sites. Through in-silico and in vitro analyses, the KD
peptide is expected to bind to the DPP-IV enzyme of the bean protein, causing glycemia inhibition in patients with type 2
diabetes. Therefore, the analyses are important for generating easily accessible and cost-effective exploratory results.
Results and Discussion, Conclusion.
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ABSTRACT

. Type 2 Diabetes Mellitus (DM) contributes to increased morbidity and mortality from chronic non-
communicable diseases (NCDs) such as cholesterol and cardiovascular problems. In Brazil, cowpea
is cultivated mainly in the semi-arid sertao of the Northeast region, and in small areas in the Amazon.
The syncretins GIP and GLP-1 are part of the glucagon-like peptide family, so there is some
correlation in the amino acid sequence between these peptides. These peptides bind to six specific
GIP and GLP-1 receptors and are rapidly metabolized by the enzyme dipeptidyl peptidase-IV (DPP-
IV). The objective of this study is to compare, using various in silico tools, the binding of the DPP-IV
enzyme to peptide KD and also the bioactivity through the Biopep sites. Through in-silico and in vitro
analyses, the KD peptide is expected to bind to the DPP-IV enzyme of the bean protein, causing
glycemia inhibition in patients with type 2 diabetes. Therefore, the analyzes are important for
generating easily accessible and cost-effective exploratory results. Results and Discussion,
Conclusion.
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1 INTRODUCTION

Type 2 Diabetes Mellitus (DM) contributes to increased morbidity and mortality.
mortality from chronic non-communicable diseases (NCDs) such as cholesterol, and problems
cardiovascular diseases, among others. The relationship between DM and cardiovascular diseases leads to
possibility of the collective, that is, the two are associated with the same genetic type and the same
environmental background, with insulin resistance classified as one of the main
possible antecedents (CERIELLO; MOTZ, 2004).

In Brazil, cowpea is grown mainly in the semi-arid hinterland of the Northeast region.
and in small areas in the Amazon (FROTA; MAIA, 1996). In this case in the Northeast, the
production and productivity are 429,375 tons and 303.5 kg.ha-1, in that order. The
the largest producers are the states of Ceara, Piaui, Bahia and Maranhao, as well as the
largest planted areas (IBGE, 2008). The productivity of grains, dry or green, is
reserved primarily for consumption by the population to maintain a diet
nutritious, in preserved or dehydrated form (EMBRAPA, 2003).

Thus, the justification for this final course work is to study and analyze the
potential of DPP-IV enzyme inhibition activity in the presence of bean peptide
cowpea.

Aminopeptidyl peptidase (DPP-1V) alters the activity of several regulatory peptides
by selective removal of two amino acids from the amino terminus. The insulinotropic activity
Circulating GLP-1 is rapidly lost (t1/2 1-2 min) by cleavage by this enzyme
(ALVES; MEDINA; NEVES; 2007)

The enzyme dipeptidyl peptidase IV (DPP-IV) has become a major target for
treatment of DM2, this enzyme is responsible for the degradation of GLP-1, Peptide 1
similar to glucagon. Thus, GLP-1 occurred due to its effect on the y cell of the pancreas. With
Therefore, syncretins are produced by the gastrointestinal tract and act by increasing insulin secretion
when eating food, but its action is inhibited in a short time by the action of enzymes such as
the DPP-IV (FERREIRA VA; CAMPQOS, 2014).
The 2 main incretin hormones are polypeptides that inhibit gastric
GIP, Gastric Inhibitory Polypeptide and GLP-1, this peptide is similar to glucagon
so that there is some correlation of the sequence of the structure of the essential amino acids,
among the peptides, glucagon, in addition to being between GIP and GLP-1. 5,6 GIP is a peptide of

42 amino acids, cleaved from its precursor peptide, ProGIP, in contrast GLP-1 is cleaved
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of the pro-glucagon precursor and includes peptides of 30 and 31 amino acids. GIP and GLP-1 are
secreted by the gastrointestinal tract. Thus, GIP is absorbed by the K cells of the

our body, located especially in the duodenum and proximal jejunum. GLP-1 is

secreted by L cells, found primarily in the ileum and colon. After release from

incretins soon after oral consumption of nutrients, such as carbohydrates, lipids and proteins,

that most stimulates the secretion of the GIP hormone are carbohydrates, specifically

(CHACRA; ARODA; HENRY, 2006). Thus, when these peptides bind to

its six specific GIP and GLP-1 receptors, has the ability to carry out metabolism of

enzyme dipeptidy! peptidase-1V (DPP-IV) (MOLLER, 2001).

Thus, the question is: What is the effect of the KD peptide on the DPP-4 enzyme and its
consequent action as a drug treatment for patients with type 2 diabetes.

The initial hypothesis points to the binding of the DPP-4 enzyme to the KD peptide, acting
as well as treatment and prevention of type 2 diabetes.

Thus, the general objective of this study is to determine the inhibition capacity of
DPP-IV enzyme by the KD peptide and its possible bioactivity.

Recent studies indicate that dietary protein does not only have a building function
and energetic, but also plays an important role in the bioactivity of precursors
of biologically active peptides in which they play a functional physiological role

(CORREA IN; POLTRONIERI F; MARQUES 2016).

2 THEORETICAL FRAMEWORK

2.1 THE COWPEA BEAN

Cowpea can restore the balance of some minerals such as iron and zinc.
(CRUZ, 2000), especially because these micronutrients point to primordial functions for
being a constituent of blood and enzymes involved in electron transfer, in addition to
synthesis of protein and nucleic acids, carbohydrate metabolism, among others (CAIRO
et al., 2002;RIOS, K.KING, SHAMES; WOODHOUSE, 2000).

Biochemical studies of domesticated plant seeds and the continued production of
new cultivars obtained through genetic improvement techniques have demonstrated

important changes in the chemical composition of seeds and even in the expression of proteins
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involved in plant defense (CHRISPEELS, RAIKHEL, 1991), making them suitable for
human consumption, with flavor and nutritional conditions for a healthy diet.

Cowpea grown in Brazil, mainly in the semi-arid backlands of the region
Northeast and in small areas of the Amazon. The largest producers are highlighted
States of Ceard, Piaui, Bahia and Maranh&o. To which production of this legume is destined
for human consumption in its natural form, as well as in preserved or
dehydrated. With this, through the centesimal analysis of cowpea flour, in which they are
form of raw material is an excellent protein source, for which it obtained 36.47% of its
centesimal composition (CORREA IN; POLTRONIERI F; MARQUES 2016).

According to Salgado et al. (2005), it was identified that in ready-to-eat cowpea,
has a quantity of 29.3% of total carbohydrates. As for the qualitative aspect, it was found that
9.1% of total dietary fiber, (SALGADO et al., 2005).

In the BRS-Milénio cultivar, a percentage of 27.4% of the total carbohydrates was found
referring to the total dietary fiber content, and 14.2% of which 14% are fiber are represented
by soluble ones. Therefore, the results demonstrate that cowpea has a high content of
dietary fiber, in addition to increasing water absorption in the colon, preventing constipation,
and essential in the prevention and promotion of health, and can contribute to reducing the risk of
chronic non-communicable diseases such as cancer, cardiovascular disease and diabetes
mellitus (FROTA KM G et al, 2009; FAIVRE, BONITHON-KOPP, 1999; FELDHEIM;
WISKER, 2000).

Soil conditions and treatments can increase cowpea productivity,
especially when observing the climate, irrigation management, cultural treatments, fertilization and
residual effect of fertilizer in which they observed a 25% increase in pod productivity
and 50% of grain productivity, 100% above the indicated nitrogen doses were used,
phosphorus and potassium. It was observed that the productivity of pods was influenced by
judicious irrigation, achieving maximum technical efficiency for productivity of 8395.5 kg ha-
1 with the blade 87% of the reference evapotranspiration (ROCHA; et al 2019).

With a short life cycle, the bean species studied may present late cultivars
and early, low water requirements, hardiness and through symbiosis with bacteria
genus Rhizobium fix nitrogen from the air. Their ease of vegetative development
allows it to be cultivated in regions with rainfall rates between 250 and 500 mm and
temperatures of 18 to 34°C in its cycle. Phenology has the function of following the
periodic changes in the appearance and constitution of plants in the environment, under certain conditions

conditions offered (PINHEIRO et al, 2019)
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2.2. BIOACTIVE PEPTIDES

In the quest to improve the quality of human life,
several studies on proteins of plant origin, found in legumes such as
lupin, soybean, lentil and cowpea, with a great possibility of reducing risks, in the control or
prevention of cardiovascular diseases, producing its hypocholesterolemic effect (BARBANA
C, BOUCHER AC, BOYE JI 2011; DURANTI M, 2006; FLEET KMG, SOARES, RAM,
AREAS JA, 2008; FONTANARI G et al 2012).
Studies have identified that the beneficial effects are related to enzymes
bioactive peptides, resulting from the hydrolysis of these proteins, having a great importance in
regulation and metabolic modulation of cholesterol. Peptides offer these benefits
when they relate to the modulation, inhibition or regulation of some genes
transporters or enzymes related to the inhibition of endogenous synthesis and intestinal absorption
cholesterol (MACARULLA, et al., 2001; MARCHESI, et al., 2008).
Bioactive Peptides are capable of being developed from precursor protein
by digestive enzymes during ingestion, processing, maturation, fermentation, cooking,
storage or in vitro hydrolysis by proteolytic enzymes. As bioactive peptides
are small sequences of food proteins, composed mainly of 2-20 residues
of amino acids, which has positive physiological effects on human health.
bioactive peptides contribute to a variety of targets, among which the following stand out:
immune, cardiovascular, digestive and endocrine systems in the human body (SILVA,
2020).
Legumes are produced and consumed by humans, in many countries there are thousands
years, but the discovery of the beneficial qualities of enzymes was only identified
in studies from — 20 to 30 years ago — this interest in academic and research studies as
a food with functional effects dates back 20 years. It has now been recognized that
dietary protein not only has a great building function but also an energetic one,
should produce a bioactive structure and/or with the possibility of being the future, for the
development of biologically active peptides, which play a role in the structure
functional physiological (DURANTI, 2001), considering that the main idea is to know whether a
peptide has the effect of improving the quality of life of humanity, both in terms of food,
energy and mainly in preventing chronic diseases.
In relation to nutritional value, the centesimal composition, expressed as a percentage of
dry weight, showed that cowpea seeds have, on average, 22.01% protein,

60.57% carbohydrates, 2.75% lipids, 2.07% ash and 12.41% moisture. Showed
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also that cowpea seeds have the eight essential amino acids, Threonine (1,24
mg/kg), Valine (1.22 mg/kg), Leucine (1.42 mg/kg), Isoleucine (1.37 mg/kg), Methionine (1.15 mg/kg),
Phenylalanine (1.75 mg/kg), Lysine (1.58 mg/kg), Tryptophan (0.17 mg/kg) (ARAUJO,
COSTA, 1997).
During the studies it was observed how proteins and peptides present wide
chemical and functional diversity. However, they are small molecules, presenting two to
dozens of amino acid residues. The active peptides were discovered and had their
chemical structures determined from the 1950s onwards. Since then, with the knowledge
on these molecules, techniques were developed for their isolation, analysis,
purification, identification and quantification, which were improved. With this,
the need to synthesize these molecules and analogues of these, on different scales, allowing
conducting studies on the biological role of natural peptides. Together, we also
techniques were being developed for the manipulation, synthesis and cloning of genes that
express these proteins/peptides (MACHADO et al., 2004).
Several strategies have been applied to improve production and
reduction of peptide metabolism, along with the routes of administration, leading to
increased commercialization of these drugs. Therapeutic peptides can be obtained from
from different sources, such as extraction from natural sources; synthesis in animals or plants
transgenic; solution or classical synthesis; solid phase synthesis; enzymatic synthesis; synthesis

by recombinant DNA technology (SOUZA, 2017).

2.3. DPP-IV METABOLISM AND ITS ROLE IN TYPE 2 DIABETES

Diabetes is being considered the epidemic of our century, since in 2010
around 285 million individuals worldwide had the disease and the estimate is
that by 2030, the number of people with diabetes will reach 435 million. Given the relationship
to reduced glucose tolerance characteristic of pre-diabetic conditions the numbers in 2010
reached 344 million, with the number of diagnosed cases expected to reach 472 million
One of the biological targets involved in the study of diabetes is the enzyme dipeptidyl peptidase-
4 (DPP-4), DPP-4 inhibitors should decrease or potentiate the effects of peptides
used in various pathologies such as systemic lupus erythematosus, rheumatoid arthritis,
depression, schizophrenia, anorexia nervosa, fibromyalgia, immunodeficiency syndrome
acquired (AIDS) and even graft rejection depending on the context of the disorder and its phase

of evolution, as this enzyme has several substrates located in different places
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biological, acting in the regulation of the metabolism of peptide hormones, also in the immunological
response of the human organism (PANTALEAO, 2014).

During the development of the studies, a theoretical basis for Inhibitors of
DPP-4 in the control of type 2 diabetes, when it was observed that incretins produced actions
beneficial physiological changes during glycemic control activity, with great potential in
type 2 treatment (NAUCK et al., 2004), as it is a chronic disease that exists in the world.
It has been identified that syncretins are hormones synthesized in the gastrointestinal tract and
secreted upon the entry of nutrients into the intestine (DOYLE, EGAN 2007; JANG et
al.,2007), having an important role in blood glucose homeostasis by stimulating
insulin secretion in a glucose-dependent manner (DRUCKER, NAUCK 2006,
;VILSBALL, HOLST, 2004;). The predominant incretin hormone is the peptide-like 1
to glucagon (GLP-1), and studies have shown that GLP-1 was able to improve homeostasis
of glucose, including the enhancement of insulin secretion in a glucose-dependent manner
and inhibition of glucagon secretion (DOYLE; EGAN, 2007).

The first incretin hormone GIP was described, it is a single peptide with 42
amino acids. It circulates at low levels in the blood, but in response to glucose intake or
fat, levels increase considerably, stimulating the production of endogenous insulin.
At the same time, GIP also influences fat metabolism in adipocytes,
stimulating lipoprotein lipase activity, stimulating beta cell proliferation
Sitagliptin being the first DPP-4 inhibitor used in clinical practice, licensed in
20086, is quite selective for the DPP-4 enzyme, reaching a stable plasma concentration
after three days of application. Maximum plasma levels are reached between one and two
hours after taking the tablet, with a half-life of 8 to 14 hours, its bioavailability
is 85%8 ( FERREIRA VA; CAMPOS, 2014).

According to this information, it was planned to use GLP-1, initially as
therapeutic measure in type 2 diabetes, during the process, studies reported that the secretion
of this hormone in the state of diabetes is absent or even compromised, favoring
deficiency in insulin secretion (NAUCK et al., 2004). In later studies and research
then admitted that the therapeutic use of GLP-1 as an antidiabetic agent was unfeasible due to
its half-life is relatively short as a result of its rapid inactivation by the enzyme
Dipeptidyl Peptidase-4 (DPP-4) (DRUCKER D. J, NAUCK MA, 2006; DEACON et al., 2008).
GLP-1 is rapidly metabolized by DPP-4, with an active half-life of only 1 to 2
minutes (ANDUKURI et al., 2009), making it difficult to use in the treatment of type 2.

Previously, it had been demonstrated in studies that DPP-4 is also found in
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endothelium of capillaries draining the intestinal mucosa, where GLP-1-secreting cells
are situated (GAUTIER et al., 2008), which indicates that most of the GLP-1 is inactivated almost
immediately after its secretion (LOTFY; SINGH;KALASZet al., 2011).
Known as CD26, dipeptidyl peptidase 4 (DPP4) is a glycoprotein
transmembrane that is almost entirely present on the surface of many cells, including
epithelial and endothelial cells of many tissues and in cells of the immune system.
Playing an important role in the regulation of the immune system, DPP4,
promoting the activation and proliferation of T cells, regulating the function of other cells
immunological and stimulating the production of proinflammatory cytokines. DPP4 is present
in the circulation in a soluble form, where it maintains its enzymatic activity. DPP4 degrades the
glucagon-like peptide-1 (GLP-1) physiologically and plays a role in
glucose metabolism. possessing many other substrates, including cytokines, chemokines
and growth factors. Acting as a ligand for binding proteins and growth factors
extracellular, DPP4 is a serine protease widely distributed in human tissues and
functions as a multifunctional protein. From the lower respiratory tract, kidneys, liver,
small intestine and prostate, DPP4, is present in the placenta, lung fibroblasts and lesions
in the skin, muscles and central nervous system (Mota et al, 2022).
Being from a group of enzymes existing in the circulation and on the surface of multiple
tissues, such as the liver, pancreas, spleen, kidneys, vascular endothelium, etc. (GREEN et al., 2006),
its activity consists of cleaving peptide chains in which proline or alanine is present
as the second amino acid from the N-terminal end, including cytokines, growth factors
growth, neuropeptides and incretin hormones (POSPISILIK et al., 2002).
Its structure comprises 4 domains: a short cytoplasmic domain (1-6), a
transmembrane domain (TMD) (7-28), a flexible rod segment (29-39) and a domain
extracellular (40-766), which can be further divided into a highly glycosylated region, a
cysteine-rich region and the catalytic region (ROHRBORN et al., 2015), incretins are
released by the intestine after food intake and exert a series of physiological effects
in the pancreas that could culminate in the release of insulin for glycemic homeostasis,
if they were not rapidly degraded by the action of DPP-4. Inhibitors of this enzyme
extend the half-life of incretins, thus prolonging their physiological effects on cells

pancreatic alpha and beta (Figure 1)

Figure 1 Physiological actions of DPP-4 inhibitors
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Source: Banerjee et al., 2009

Dipeptidyl peptidase IV (DPPIV) is a product of the prolyloligopeptidase set of

serine proteases. DPPIV removes dipeptides from the N-terminus of substrates, including many
chemokines, neuropeptides, and peptide hormones. Specific inhibition of DPPIV is

being investigated in human trials for the treatment of type 2 diabetes. the determinants

molecular mechanisms underlying enzyme catalysis and substrate specificity, reports the structures
crystalline DPPIV in free form and in complex with the first 10 residues of the substrate
physiological, Neuropeptide. It has a free-form crystal structure of the enzyme reveals two

potential channels through which the indicants can access the active site - the so-called

propeller opening and side opening (AERTGEERTS et al, 2004).

2.2.1 ANALYSIS IN SILICO

With the development of the human genome it was possible to discover a great
amount of data contained in ribonucleic acid (RNA), being of great importance the
its constant storage and studies. With human development in control of
technologies and academic studies directly related to molecular biology and genome was
necessary to create a field of science, bioinformatics. Used in research
for preventive and therapeutic diagnostic purposes, characterizing the biomedical application
(PROSDOCIMI F, et al., 2002).

Using computational experimentation, called in silico analysis, makes it possible
build and simulate systems aimed at predicting properties and behaviors
biological. To function properly, a cell depends on all its
components participate in intracellular biochemical reactions and interact with each other. The

cellular metabolism can be reproduced as a network formed by different types of
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interactions, such as : gene-gene, protein-protein, gene-protein, gene-interaction
metabolite and so on. The construction of a network is done from complex models
mathematical and computational techniques that identify and characterize the dependence relationships of
each gene (OLIVEIRA, 2014).
During bioinformatics research, identified as in silico analysis, it facilitates
simulate chemical systems and construction of enzymes, to identify properties and
biological behaviors (PALSSON B, 2000). The production of in silico approaches facilitates
the time and expense required to bring a drug to market. Demonstrating
the predictable absorption, distribution, metabolism, excretion and toxicity (ADMET) profiles,
resulting in a rapid drug discovery process. These parameters
pharmacokinetics are and evaluated by Admet-SAR (Dias, 2014).
Our human system needs healthy cells to function properly, as
depend on all their components participating in intracellular biochemical reactions
and interact with each other to produce healthy enzymes, which form the links of metabolism
cellular, which can also be reproduced as a network formed by different types of
interactions, such as: gene-gene, protein-protein, gene-protein, gene-
metabolite and so on. Production of a network is done from complex models
mathematicians and using bioinformatics to identify and characterize the relationships of
dependence of each gene and/or enzyme contained in the cell. (RYBARCZYK-FILHO JL, 2011).
The in silico study is a method applied through data analysis in a
a given species or genus, an aid to diagnosis through molecular analysis
several computerized databases and programs that evaluate toxicity by
determination of relationship structure-activity, put example
QuantitationStructureActivityRelationship (QSAR), the process by which the protocol relates
the physical-chemical structure of a substance and its toxicity. These study processes
have as their main objective to obtain fast, cheap, easy-to-implement methodologies and
reproducibility that can be standardized and validated, an essential situation so that
in vitro methods achieve international scientific acceptance (BAGLEY, et al).
With the use technique from HQSAR (of the English,
HologramQuantitativeStructureActivityRelationships) producing a parameter that
correlates the molecular hologram (fragments derived from the 2D structure and their respective
contributions) with biological activity, based on the association of the distinction of fragments.
In order to generate molecular fragments, some parameters are varied throughout

throughout the analyses, such as distinguishing fragments using information about the
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descriptors: atoms (A); bonds (B); connections (C); hydrogen atoms (H); chirality

(Ch) and/or hydrogen bond acceptor and donor groups (DA); and also the size

of the fragment (defined in number of atoms) and the length of the hologram (defined in

bins, in quantity of binary descriptors referring to the fragment count).The

molecular holograms are mathematical representations of the fragments of each compound and

are related to the biological response through the use of multivariate data analysis techniques (PANTALEAO,

2014).

Peptides have numerous advantages over small molecules that include high biological activity, high
specificity, low production cost and high penetration. However, toxicity, immunogenicity and
stability remain the main concerns in the development of hydroxypropyl methylcellulose-based drugs.
peptides. Peptide stability can be increased in several ways, including the incorporation of D-
amino acids (making peptides protease resistant), altering backbone chemistry, cyclization and
incorporation of y-aminooxyamino acids. Similarly, there are numerous in silico tools , which can
predict the immunogenicity of peptides but there is hardly a way/method to predict the toxicity of
peptides. Computational methods for predicting peptide toxicity not only save time and

money, but also facilitate the design of better therapeutic peptides with low toxicity while maintaining the
functionalities. In silico studies have the advantage of speed of execution, cost
low operational costs and mainly does not require animals for toxicity testing, for the

safety of its use in humans.

2.2.2 IN VITRO ANALYSIS

In vitro diagnostics is one of the major processes used by doctors and researchers
as it is a more common procedure in academic and laboratory studies
especially in the area of human health, it is not necessary to use “in vivo” which would be
necessary to perform procedures on people or animals, one of the first
methodologies described for in vitro evaluation , the biocompatibility test was suggested for
to evaluate plastics used in medical-hospital articles. In the test, the materials were
placed directly on a monolayer of mammalian cells and after 24 hours these
cells were observed, as to the presence or absence of any toxic effect (MOSMANN, 1983).
The main purpose was to find a protocol that would replace the in-house tests.
in vivo several other models have been developed, among them the so-called organotypic ones, the
which use isolated organs from the animal, kept for a short period of time in vitro
preserving its physiological and biochemical functions. With a focus on finding a protocol that
replace in vivo tests, several other models were developed, including

called organotypic, which employ isolated organs of the animal, kept for short periods
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period of time in vitro preserving its physiological and biochemical functions. The importance
validation, pre-validation, the three Rs concept (3 Rs), reduction, refinement and replacement,
in the regulation of in vitro toxicological tests. Validation should be seen as a
essential step in the development of the test and its acceptance should not be seen as
obstacle, but rather a major process to accelerate the use of in vitro tests in the evaluation of
risk of products for human use or that may cause damage to the environment (CRUZ et al,
2004).
Validation of the selected molecular target is essential for a number of reasons that
involve everything from establishing their relevance in the pathophysiological process under study to
the characterization of the impact of its selective modulation on the treatment or cure of diseases or
dysfunctions in humans. Bioactive molecules (or ligands, from English hits) can be
identified from real screenings (e.g., biological, biochemical) or virtual (e.g.,
example, computational) of natural products, synthetic compounds or collections
combinatorial, and also through rational planning. Remembering however that, in all
cases, biological properties must be determined experimentally, being
necessary to develop high-quality standardized and validated tests, the figure
2 demonstrates the steps involved in the drug discovery and development process
(ADME — absorption, distribution, metabolism and excretion; NDA — application for a new

drug, from the English new drug application (GUIDO; ANDRICOPULO ; OLIVA, 2010).

Figure 2: Steps involved in the drug discovery and development process (ADME — absorption,
distribution, metabolism and excretion; NDA — new drug application).
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Source: (GUIDO; ANDRICOPULOQO; OLIVA,2010)
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3 MATERIALS AND METHODS

The universe of Science is understood as a set of substances that deal with
survey, established by the organization of scientific knowledge. This may involve
from internal issues, such as scientific method and relationship between experimental procedure
and theory, even external ones, such as the influence of social, cultural, religious and
politicians in the acceptance or rejection of scientific ideas (MOURA, 2014).

According to authors Lakatose Marconi (2003), research is understood as
“to investigate something thoroughly, is to investigate.” The authors report that the meaning of
term investigation “is not homogeneous, as there are many definitions of the term in different
fields of understanding. However, the starting point of the research lies in the problem that
a solution must be defined, evaluated, analyzed and then a solution attempted”
(LAKATOS; MARCONI, 2003).

The scientific method is based on a group of steps arranged in an orderly manner to be
carried out that aim to investigate phenomena in order to obtain improvements
learning (JUNG, 2009).

This exploratory research aims to refine hypotheses, authenticate
instruments and enable familiarity with the field of study. It establishes the first phase of
a broader study, in which it is widely used in research whose topic has been little explored,
being able to be applied in initial studies to obtain an overview in relation to a
certain fact (GIL, 2002).

This is basic research, in silico in nature, and in vitro with an exploratory approach,
being, from the point of view of technical procedures, scientific, using as instruments
for data collection, a literature review in scientific journal databases in
Portuguese and English languages, developed from material already prepared, consisting of
books and articles, for in silico analysis and discarding articles aimed at animals and in vitro,
focusing only on adult humans. The articles researched on the topic were accessed
in the Scielo databases, master's and doctoral dissertations, PubMed, in which

include publications between the years 2000 to 2019.

3.1. “DOCKING” MOLECULAR MODELING

To carry out the tests, the digital tools PepCalc, PepDraw and Pepsite2 were used.

which are found on an easily accessible and free website.
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In the PepCalc tool, found on the website pepcalc.com, first type in the box
entered as a sequence the code in letters, KD, then clicking on the yellow box
(calculate), thus, its physical-chemical properties were obtained. For better understanding, it is possible
translate the page, which originally opens in English, into Portuguese using

Google's own ferment (INNOVAGEN, 2015)

In PepDraw, found at pepdraw.com, the sequence KD was initially placed on the board
required, and then click on the box identified as: draw peptide. Finally, obtaining the
result of its molecular shape structure and its peptide properties. Translating the page

into Portuguese, for better understanding (THOMAS, 2015)

The HPEPDOCK, available at huanglab.phys.hust.edu, is initially used to perform analysis
it was necessary to enter the code 1R9M, which is a Crystal structure of Dipeptidyl Peptidase IV
Humana, being its FASTA Format, which is found on the RCSBPDB platform, which is a
Protein Database that provides information about the 3D shapes of proteins,
nucleic acids and complex assemblies. Once this is done, you must copy the code and place it in the area
“Receiver input” which is located at the beginning of the HPEPDOCK tool, right after placing it
if the KD sequence in the “Peptide Input” section and to finish the test click on the button
“Submit” and within a few seconds the results will be displayed. Thus, with the study
in silico the aim is to predict the binding of a given protein structure (ZHOU, 2018).

On the Pepsite2 website, initially to perform the analysis it was necessary to enter the code 1R9M
after we will type the sequence KD, to obtain the interactive visualization where it showed the
protein structure and a predicted peptide binding site. We then selected the
PDB1R9M, to obtain the Crystal Structure of Human Dipeptidyl Peptidase IV
(AERTGEERTS, et al, 2004)

To identify the toxicity of the KD peptide, the ferment TOXINPRED was used.
available at: (https://webs.iiitd.edu.in/raghava/toxinpred/index.html).where we get the
Toxicity and hydrophobicity of the KD peptide, to verify that it is not toxic to humans.

To use the PyMol software, first go to the PDB menu and select the code
1R9M of the DPP-IV enzyme, go to the FASTA option and copy the code and add it to the tool
HPEPDOCK, the results will arrive in the E-mail in 24 hours, after that you must download in PDF
the results, and select the 1st fitting rating - 72,967, after copying open the platform
from PyMol, and select the peptide, KD, then select the enzyme 1R9M, this tool

allows us to obtain the binding site as well as the analysis of ligand-target interactions
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molecular, and the distance between the atoms, of the enzyme DPP-IV and the aspartic acid peptide and the
lysine, however, cannot form hydrophobic and metallic bonds.

When the selected biological target (e.g., protein, DNA, or RNA) can
whether its three-dimensional (3D) structure is known or not, a fact that determines the prioritization of
planning strategies. The great advances in genomics and proteomics, combined with the evolution
X-ray crystallography and nuclear magnetic resonance (NMR) techniques provide
a significant increase in the number of molecular targets with 3D structures available in the
Protein Data Bank (PDB). The help of methods of
medicinal chemistry, it is possible to explore the immense chemical space by outlining the work of
identification, selection and optimization of molecules capable of interacting with high affinity and
selectivity with the selected molecular target (e.g., enzyme, receptor), which
represents biological space. Various strategies can be used to investigate the
chemical-biological space such as: the organization of databases, the application of filters
molecular, the use of automated high-scale biological screening (HTS, from the English
high-throughput screening) and the use of virtual screening (VS )
(GUIDO; ANDRICOPULO; OLIVA, 2010).

Using binding affinity prediction method (AutoDock 4.0) to the process of
position the ligand in various information in the active site of the receptor and, usually, in
different conformations, in order to obtain the best interaction, identified by
designation in English docking, which can be translated as “docking” or “anchoring”. This
procedure allows the establishment of a classification between the compounds of greater and
of lower affinity to a given receptor, having several other docking programs,
among them DOCK, AutoDock, GOLD, FlexX, which perform this ordering in a
automatic. The simulation has two procedures: the conformational search for different
ligand binding modes at the receptor active site, and the evaluation of the affinity of each
of these connection modes using a scoring function. In the present work, we use the
PyMol program, the Pepsite2 website, HPEPDOCK, among others, which is widely used in
studies of anchoring of small molecules in protein macromolecules, in addition to being

free. (ALENCAR,2010).

3.2. EVALUATION OF DPP-IV ENZYME INHIBITION in vitro
The manufacturer of the DPP-IV kit was Enzo Life Sciences. The DPPIV Drug Discovery Kit
is a complete assay system designed to screen DPPIV inhibitors, providing

sufficient material to perform at least 96 assays. DPPIV (DPP4, CD26) is a member
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of the class of proteases known as prolyl peptidases, which cleave proteins after residues
of proline and is believed to play roles in diabetes, cancer and autoimmune diseases,
becoming a target for drug discovery. The kit contains a chromogenic substrate (H-
Gly-Pro-pNA; Km = 114 pM) and a fluorogenic substrate (H-Gly-Pro-AMC; Km = 50 uM). The
cleavage of p-nitroaniline (pNA) from the colorimetric substrate increases absorbance at 405
nm. The fluorimetric assay is based on the cleavage of the 7-amino-4-methylcoumarin (AMC) moiety
from the C-terminus of the peptide substrate, which increases its fluorescence intensity by 460
nm. Alternative name: CD26, Dipeptidyl Peptidase IV, DPP4. Applications: detection
colorimetric, fluorescent detection, HTS activity assay.
In the in vitro analysis , the amount of enzyme, substrate and peptide was determined,
where the calculations were performed for the concentration of each substance. Firstly,
thawed and mounted on ice; After the inhibitor was diluted 1/10, 3.5ml inhibitor
/31.5ml Buffer;
Then the substrate (Gly — do/pna) was diluted — 1/50, 37ml substrate with 1813ul Buffer,
with a final volume of 100ml;
After the DPP-IV enzyme was diluted in a volume (35 ml) to 0.867 ml, which was centrifuged.
previously, with a stock solution of 9.97ul DPP-IV plus 490.03ul of Buffer, it was maintained
in diluted or concentrated form, for several hours on ice. Because , the DPPIV enzyme is stable for
at least 5 freeze/thaw cycles, to minimize the number of freeze/thaw cycles
freezing/thawing, aliquot of DPPIV in tubes, was separated and store at -
80 ° C. DPP-IV enzyme was not added to the blanks, only to the
control/inhibitor/samples.
In this way, 0.26 ml of DPP-IV was added per well, with 10 ml of inhibitor.
(diluted), and incubated for 10 minutes at room temperature;
After the start of the analysis, 50 mL of the diluted substrate (Gly — do/pna) at 37°C was added;
Immediately after, the reading was observed every 2 minutes for a total of 10 minutes;
Then the experimental procedure was carried out, using an analysis through
of the spectrophotometer technique, with this the activity of DPP-VI was determined as
also the inhibition time of the KD peptide after the addition of the buffer, DPP-VI enzyme and the
substrate.
At the end of the procedure, all experimental results were noted.
To determine the partial and final percentage of DPP-IV Activity, a

mathematical formula, % DPP-IV Activity - In the presence of inhibitor = (Sample/ Control) x
100.
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4 RESULTS AND DISCUSSION

4.1 In silico molecular modeling

In the studies carried out, therapeutic peptides and proteins present
high specificity and efficacy at low concentrations, at this point become
indispensable in the treatment of various diseases. Peptides, compared to
proteins have a great advantage because they are small, they demonstrate a greater capacity to penetrate
deeper into the target tissue. Peptides with therapeutic activity also present
the advantage of being less immunogenic and more economical to manufacture according to
the required quality parameters, related to proteins and antibodies (SOUZA, 2017).

With the discovery of bioactive molecules, medicinal chemistry also incorporates the
studies of metabolism and the relationships between chemical structure and activity, making it clear that
establishment of fundamental interfaces between the chemical, biological,
pharmaceutical, medical, physical and computational. For studies of the evolutionary processes of
molecular recognition in biological systems assumes great importance, in addition
constitute the fundamental bases for understanding properties such as power,
affinity and selectivity (GUIDO; ANDRICOPULO; OLIVA, 2010).

In this in silico study we will work with the peptide, which is made up of two
residues being: Lysine (Lys-1 K) and Aspartic Acid (Asp-2 D). Presenting a pH
slightly acidic. It has good solubility in water, favoring this result
a good expectation of reactions, providing easy interaction with the system environment
digestive.

In the Pepcalc INOVAGEN tool it was possible to have data on the physical-
chemistry of the KD Peptide. Information such as molecular weight, extinction coefficient, point

isoelectric, Net charge at pH 7, Estimated solubility, data shown in table 1.

Table 1: Physicochemical properties of the KD peptide

Physicochemical properties

Number of residues: 2

Molecular weight: 261.28 g/mol
Extinction coefficient: OM “tm
Isoelectric point: pH 6.43

@Wol
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Net charge at pH 7:

Estimated solubility:

Good water solubility.

Image 1: KD peptide hydropath

Hidropatia

Lys

0 topo € hidrofilico O
fundo € hidrofobico
Codigos de cores:

Source: Author's Own

Hopp & Woods

Asp

Polar

Source: PepCalc.com

With PepDraw it was possible to visualize the structure of the KD peptide, illustrating its

peptide properties shown in Table 2.

Table 2: Peptide properties of the KD peptide

Peptide properties

Sequence KD

Length 2

Mass 261.1321
Isoelectric Point (pl) 6.44

Net cargo 0

Hydrophobicity +14.34 Kcal * mol
Extinction coefficient 1 oMer' "1
Extinction coefficient 2 oMer! T

Source: Author himself
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In PepDraw, you can also see the linear drawing of the peptide and reaction.
condensation between the y-amino group of an amino acid residue with the y-carboxyl group of
another amino acid residue, and with this the new peptide bond KD is formed (Image
2).

Image 2: 1. Lys-1 (K) peptide; 2: Asp-2 (D) peptide; 3. KD peptide

+H +H 2 o
HZNJ,". H /, _
o~ ZN N, e Hﬁ,ﬂ’ o
o .
H
o-
1 TNH, 2 *NH, 3

1.Molecular Formula: C6H14N202,2.Molecular Formula: C 4 H 7 NO 4,.3. Molecular Formula: C10H21N306
Source:_https://www.pepdraw.com

According to the authors Nelson; Cox, 2008., peptides are biomolecules formed by
union of two or more amino acids. The term “amino acid residue” or simply “residue” is
used to indicate that amino acids are joined by a peptide bond. The connection
peptide is formed by a condensation reaction between the y-carboxyl group (1) of
amino acid with the y-amino group (2) of another amino acid by a covalent bond that

forms a substituted amide bond Figure 2.

Figure 3: Peptide Bond

H
HaN N \_/" HN OH
OH + H/ OH ¥ 7T N

H,0
Ry Ry R 0

NELSON; COX, 2008
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In Figure 3.4 - Formation of a peptide by the joining of two amino acid residues.
It represents the condensation reaction between the y-amino group of an amino acid residue with
the ycarboxyl group of another amino acid residue

Therefore, essential amino acids are classified into 5 groups according to their
radical of the side chain (R) of the y-carbon, the non-polar aliphatics, the aromatics, the non-polar
polar charged, positively charged and negatively charged (NELSON ;
COX, 2008).

Figure 4: Negatively Charged R Group

*HaN__COO- *H3N___COO-

HO\“/E
! L
O OH
D - Aspartato
18 E - Glutamato

19

NELSON; COX, 2008

Figure 5: Positively Charged R Group

*HaN<__COO" *HaN_COO" *HaN.__CO0
- . = )
N

(NH +H<?“f

H - Histidine
NH3+ . % 22
H.NZ “NH,

K - Lisina R - Arginina
20 21

NELSON; COX, 2008

Some peptide sequences play important roles in the systems
biologicals and are commonly used as important drugs (Figure 5) (NELSON ;

COX, 2008).
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Table 3: Some of the main peptide sequences and their applications in biological systems

Nome Sequéncia Fungéao
Angiotensina Il N-R-V-Y-I-H-P-F Horménio hipertensor.
Bloqueador do receptor

a-Conotoxina ciclo(2-8,3-14)G-C-C-S-N-P-R- Al ol seaiiotinn T
imi C-A-TW-R-C-NH, sistema nervoso central.

Oxitocina GS(BCVAGN GG  “SWU0NERglos Lernas o
0 processo de lactacdo.

; T-G-G-F-M Inducdo de analgesia em

Encefalinas T-G-G-G-L células do cérebro.

Horménio gastrointestinal

G-S-S-F-L-S-P-E-H-Q-R-V-Q-Q- estimulador da liberagdo do

Grelina R-K-Q-S-K-K-Q-Q-P-P-A-L-K-E- hormbnio de crescimento e

P-R relacionado ao controle da

ingestdo de alimentos.
Vasopressina  ciclo(1-6)C-Y-I-G-N-C-P-R-G Acéo anti-diurética.
G-I-V-E-Q-C-C-T-S-I-C-S-L-Y-Q-
L-E-N-I-C-N
H-S-Q-G-T-F-T-S-D-I-S-K-Y-L-D-
Glucagon S-R-R-A-Q-D-F-V-Q-W-L-M-N-T

Source: NELSON; COX, 2008

Insulina

Controle da glicose

There are three vasopressin analogues. Arginine vasopressin (AVP) is found in
humans, lysine vasopressin (LVP) is found in hippos and phenylpressin (FVP) is

found in Australian macaws and they all perform the same function.

ToxinPred presented physicochemical properties of the KD peptide, and also predicted

toxicity and SVM (Support Vector Machine) score, shown in Table 3.

Table 4: Toxicity and hydrophobicity of the KD peptide

Toxicity SVM Hydrophobicity Hydropathy Hydrophobicity
score
Non-toxic -0.80 -0.91 -3.70 3.00

Author himself

Bringing a new drug to market can be time-consuming and costly .
until its efficacy and safety are proven. The development of in silico approaches
facilitates the time and expense required to bring a drug to market. Making

the absorption, distribution, metabolism, excretion and toxicity (ADMET) profiles Absorption,
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distribution, metabolism and excretion, predictable, obtained in a rapid process of
drug discovery. All toxicological experiments aim to predict
the levels of intake of substances and the possible side effects that may develop
in man after its administration. For this reason, such studies are essential in
investigative processes Cytotoxicity in erythrocytes is one of the experimental models of
in vitro toxicity used as a screening method for substance toxicity,
allowing to estimate the level of damage that can be induced in vivo (DIAS, 2014).
For training the main data set used and testing of SVM models was
generated from experimentally validated toxic peptides (obtained from various databases)
data) and well-annotated non-toxin peptides/proteins obtained from SwissProt. Includes 1805
toxic peptides as positive examples and 3593 non-toxic peptides as examples
negatives. For this reason, we also generated an alternative data set, equal to the
main dataset, excluding negative examples. Consists of 1805 peptides/proteins
toxicants as positive examples and 12541 non-toxin peptides/proteins obtained from TrEMBL
(instead of SwissProt). The above toxic and non-toxic peptides/proteins were used
to produce multiple datasets for training, testing, and evaluating our models
developed to predict peptide toxicity, illustrated in Figure 6. (KAPOOR et al,
2013).

Figure 6: to predict peptide toxicity

Negative Dataset-1 Negative Dataset-2

S\\'is}Pml TOXINPRED 1rE.\l:{BL

(3893) (13541)
|
Main dataset Alternate dataset
[
| 300 | [3s593] 12541 | | 1000
Unique

(1322) Conoserver | ATDB (544)
DBETH (2
(117) Arachno-Server @

NTXpred (153)
Positive Dataset

SwissProt

Independent main dataset [—sw Independent alternate dataset

Source: KAPOOR et al, 2013
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The HPEPDOCK result is presented the 10 best models in order of

decreasing score, this score is shown in table 4.

Table 5: Classification by coupling energy between KD and DPP-IV.

Classification Fit score

1 - 72,967

- 65,015

- 63,229

- 63,069

- 62,194

- 61,876

- 61,733

-61,278

© 0 N o O &~ W DN

- 60,514

-
o

- 59,942

Author himself

In the images it is possible to visualize the 10 positions that the KD peptide can bind to

DPP-IV, with each color representing a ligament positionFigure 5.

Figure 7: 10 positions that the KD peptide
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Source: HPEPDOCK

Pepsite2 results were able to predict the binding of the KD peptide on the surface
of the DPP-IV protein. The website presents the nine best positions at which the peptide can bind

in the DPP-IV protein. Shown in Table 6.

Table 6: Results of the top 6 matches ranked according to statistical significance

(p-value).

Amino acids

potentially

Active amino acids P* bound to the enzyme
DPP-4 (PDB:

Classification

KD sequence

1R9M)

TRP627, TRP629,
TYR752

1st Lys-1 , Asp—2 0.005894

TRP627, TRP629,

2nd Lys-1, Asp-2 0.008989
ys-1, Asp TYR752

ARG125, GLU205,

3rd Lys-1, Asp-2 0.01137 GLU206, TYR547,
TYR666

TYR547, SER630,

4th Lys-1, Asp-2 0.01196 TYR631, TYR662,
TYR666

TRP627, TRP629,

5th Lys-1, Asp-2 0.01375 GLY741, ALA743,
TYR752

TYR48, TRP627,

6th Lys-1, Asp-2 0.0149 TRP629, HIS748,
TYR752

Source: Pepsite2
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In image 8, it is possible to see the results obtained in pepsite2, the classification according to
with significance 1 to 9, each position is colored according to significance, the site classifies
as red: Highly significant; Yellow: Moderately significant; White: Not significant

significant.

Figure 8: Classification according to significance 1 to 9

Para exibir uma previsao diferente, clique na linha correspondente da tabela abaixo. que
mostra as melhores correspondéncias classificadas de acordo com a significancia
estatistica (valor p).

classificagdo wvalor p N

9 007318 2 lys-1 asp-2

Cada linha da tabela acima € colorida de acordo com a significancia estatistica (valor p)
seguindo a escala de cores abaixo (vermelho = altamente significativo; amarelo =
moderadamente significativo; branco = nao significativo).

Source: Author himself

With pepste?2 it is possible to visualize the Prediction of the binding of the KD peptide on the surface
from PDB 1r9m protein, chain (dipeptidyl peptidase), The interactive visualization below
shows the structure of the protein and a predicted peptide binding site.shows the structure in

3D of position 1 to 9 where the peptide binds to the DPP-IV protein, (Figure 7,8).
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Figure 9: Displaying the forecast ranked at position 1

Source: Author himself

Figure 10: Displaying the 3D forecast of the team ranked in position 1

Source: Author himself

On the PyMol platform, this tool allowed us to obtain the binding site as
also the analysis of ligand-molecular target interactions, and the distance between the atoms of the enzyme

DPP-IV and the KD peptide (Figures 10, 11, 12). Where it is possible to observe the tertiary structure of the
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DPP-4 referring to the PDB code 1R9M, where in yellow we have the y-sheets, in red the

y-helices and in green the loop region, the hydrophobic potential surface can be seen

Figure 11: Represents the surface of the 1R9M enzyme

Source: Author himself

Figure 12: Represent the surface of the KD peptide

Source: Author himself
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Figure 13: Ligand-molecular target interactions

Source: Author himself

Using the dataset in the generation of 3D QSAR models, (Quantitative Structure-
ActivityRelationship) applying mathematical and computational models to chemical structure
of substances to predict, qualitatively or quantitatively, physicochemical properties,
toxicological and ecotoxicological, which serve to evaluate possible adverse effects
(TAVARES, 2004), ( Figure 13) informing the predictives was made up of 70 derivatives of
adenosine and the General structure of the series of LmGAPDH inhibitors, adenosine derivatives, which were
designed based on the significant structural differences between the active sites of enzymes
of the parasite Leishmania mexicana and its human counterpart. Thus, the properties
molecular were quantitatively related to inhibitory potency, using the

methods of comparative analysis of molecular fields(GUIDO; ANDRICOPULOQO; OLIVA,
2010).
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4

Figure 14:1, Structural alignment of the 70 inhibitors; 2, General structure of the series of LmGAPDH inhibitors, adenosine derivatives.

Source: GUIDO; ANDRICOPULO; OLIVA, 2010

Holograms can be graphically converted into maps using a color scale

specific, with the green and yellow colored regions indicating fragments that

contribute positively to biological activity; areas in red and orange contribute

negatively for this parameter. Thus, the HQSAR method allows a visual inspection

of the regions of the molecule that can/should be preserved. Molecular anchoring is a

in silico method that predicts the orientation of a compound (ligand) in the possible active site of the target
biological, forming a stable complex between ligand/receptor. This technique evaluates this

forms the fit of the molecule considering the interaction energy and its geometry, which can

be considered an important tool in Medicinal Chemistry, especially in the projection

rationale for new drug candidates. Several studies were found in the literature and

mentioned the use of the molecular anchoring technique considering only the structure of the

catalytic triad as flexible and hydrogen bonds and hydrophobic interactions of the triad
catalytic, in the case of proteins such as DPP-4, which would contribute exclusively to the
binding of the substrate to the enzyme binding site, (Figure 14) Demonstrates the schematic representation of how

the HQSAR technique works, (PANTALEAO, 2014).
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Figure 15: Schematic representation of how the HQSAR technique works
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Source: (PANTALEON, 2014).

From Figure 14, it is possible to observe the tertiary structure of DPP-4 referring to
PDB code 4A5S, where the y-sheets are in yellow, the y-helices are in red and the loop region
is in green, the hydrophobic potential surface can be seen. (PANTALEON,
2014).

Figure 16: Structure of DPP-4 (PDB 4A5S) 2

Source: (PANTALEON, 2014).

| This is an open access article distributed under the terms of the Creative Commons Attribution license, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.




IK@%SJ%%R%I@M'&WC Journal of Knowledge.

< p
; ISSN: 2675-9128. Sao Paulo-SP.

@Wol

Next, in (Figure 16), you can see the arrangement of the amino acids that make up the active site of

DPP-4 enzyme

Figure 17: Representation of the active site of the enzyme DPP-4 (PDB 4A5S 25,26 ), indicating the
main amino acids that make up the catalytic region.

Asp545 q'
Lys554 -
N Tyr631
Phe357

Source: (PANTALEON, 2014).

The results obtained in HPEPDOCK, classification 1 shown in table 3, indicates
that the lower the fit score value, the better the energy score will be.
coupling. Thus, the score of (-72.967) has a better result. Meaning that in this
position the KD peptide was shown to be capable of binding to the active site of the DPP-IV receptor.
Thus, like HPEPDOCK, Pepsite2 and PyMol also indicated that binding is possible
between the KD peptide and the DPP-IV enzyme, the tool shows the potentially amino acids
linked in the DPP-4 enzyme as in the case of position 1 with the P* value of (0.005894) in this
position the KD peptide binds to three amino acids of the D chain, namely TRP627, TRP629 and
TYR752. This position is also shown in the table, with the color red, which indicates that the

interaction of the KD peptide with DPP-IV is highly significant.

4.2 IN VITRO ANALYSIS

In in vitro studies , therapeutic peptides also demonstrate several advantages,
compared to the small organic molecules that make up traditional drugs, a

since they are often made up of the smallest functional part of a protein, distributing
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greater efficacy, specificity and selectivity. In the studies of the results peptides present
fewer drug interactions, because the peptide degradation products are
made up of amino acids. Thus, given that they have a short half-life,
few peptides accumulate in the tissues, reducing the risk of complications caused by
its metabolites (SOUZA, 2017).

With ongoing studies a large production of countless peptides
biologically active substances have been synthesized in the last fifty years. In the vast majority of
productive parts refers to synthetics obtained by chemical methods (in solution or in phase
solid), enzymatic or combination of both (semi-synthesis) in carrying out scientific research
in different areas, for therapeutic and food use, for vaccine production or even as blocks
constructive of other molecules with biological action. For this reason, studies and production
in pharmaceuticals, synthetic peptides began to serve as unequivocal proof of identities
chemical and biological roles of natural peptides. (MACHADO et al, 2004)

During the experiment, all the basic requirements related to
to the performance of the method and equipment involving: accuracy, recovery, robustness,
accuracy, reaction blank measurement, sensitivity, detection limit, interference and value
of reference.

Firstly, to determine the concentration of each substance, a calculation was made
mathematical, (C . V2= C . V), to obtain sample concentration, Buffer, DPP-IV and
substrate, and with the tip of a pipette all the substances were added to a slide to
analysis through the spectrophotometer technique, as the analysis progressed it was necessary to do
some adjustments, in which the inhibitor in the first replicate was added 5u/I and at the end
was 35 u/l for a 0.7 u/l cuvette and in the buffer it was zero, in the second replicate the inhibitor
was 35 u/l to 17.5 u/l as well as the Buffer, and the cuvette of 3.35 u/l.

That way , In this in vitro study, the enzyme activity was accurately analyzed in

Presence of Peptide KD, after analysis of the control, without the inhibitor reaction, and with the reaction of

inhibitor, then the mean and standard deviation of each of them were calculated using a

mathematical calculation.
To identify the percentage of DPP-VI activity as well as the inhibition time
of the KD peptide after the addition of the buffer, DPP-VI enzyme and the substrate, a
analyze using the spectrophotometer technique, where the transmittance values are determined
(transmitted light) and absorbance (absorbed light) of a solution at one or more wavelengths

wavelength. It measures the amount of photons (the intensity of light) absorbed after passing through

sample.
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The control was of great importance, as it allowed the quantification by comparison of the
results obtained from DPP-VI activity. The modifications were confirmed in analyses
of spectrophotometer.
In enzymatic or biocatalyzed synthesis, the formation of the peptide bond does not occur by
a chemical reagent, but rather by an enzyme in its free or immobilized form. In the same way
As occurs in chemical synthesis, enzymatic synthesis may require several steps during
the process of total synthesis (MACHADO et al., 2004).
Therefore, it was a great satisfaction to replicate the selected samples, as
determined the final positive result, in (Graph 2), illustrates the slope of the reaction mean
of the inhibitor of the activity of the KD peptide on the DPP-IV enzyme in a given time,
compared with the control average, so we can see that the slope point
of the peptide is closer to the average of the control.
Quality control is defined as a concept, such as techniques and activities
operational methods used to monitor the implementation of the specified quality requirements. The
external quality control, also includes the evaluation of the performance of systems
analytical through proficiency testing, analysis of certified standards and comparisons
interlaboratory. Internal quality control are also procedures conducted in
set of samples in order to verify that the analytical system is operating within the limits

pre-defined tolerance levels (SANTOS APS; ZANUSSO JUNIOR, 2015).

Graph 1: Slope of control, inhibitor, and KD.
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In this second sample, the graph also keeps the enzyme activity apart from the
time after 6 minutes, however the inhibition was lower compared to the first sample, it should
may have been due to the reduced quantity of samples. Because in the second replicate the
inhibitor was 35 u/l to 17.5 u/l as well as the Buffer, and the cuvette of 3.35 u/l, (Graph 3).

It was identified that a ) “optimized sampling” is not obtained based on
only the value judgment and practical experience of the collector, but rather the greater the precision
required, the higher the cost involved. Some sampling and analysis errors exist in some
moment, and must be balanced against each other in relation to the intrinsic value of the material,

mainly in relation to the cost arising from the consequences of errors. Changing a

sample or characteristic to be analyzed, for example, when the parameter of interest is the

humidity, and the collector leaves the sample exposed to a source of heat or humidity, can influence the

final result (GOES; LUZ; POSSA,2004).

Graph 2. Slope of control, inhibitor, and KD
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In this first sample, the graph shows the enzymatic activity apart from time.
after 6 minutes, when it reached 10 minutes there was a considerable inhibition
of the DPP-VI activity, as it obtained a partial result of 64.8% and a final result with a

inhibition of 35%. However, the results of the second sample were not accurate compared to the first
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sample, as the partial results were 81% and the final result with an inhibition of 19%

inhibition of DPP-VI activity (Graph 4).

Graph 3. % of DPP-IV Activity.
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This methodology offers advantages over chemical synthesis, as well as
high stereo; absence of racemization and other side reactions typical of synthesis
chemistry; partial protection of substrates; tolerance to the presence of water in reaction media;
possibility of using reactors for large-scale production at lower costs. On the other hand,
hand, the fact that there is no universal enzyme means that the methodology is not general or
applicable to any peptide sequence (MACHADO et al., 2004).
Because the formation of a peptide bond catalyzed by an enzyme is based on
simple inversion of the hydrolysis reaction, aminolysis of amides (also called
transpeptidation) and aminolysis of esters. The reversal of hydrolysis and aminolysis of
amides are reversible and therefore thermodynamically controlled. Aminolysis of esters
is irreversible and can therefore be considered kinetically controlled (SOUZA, 2017).
In the in vitro study, the graphs demonstrate the enzymatic activity apart from the time of
after 6 minutes, when it reached 10 minutes there was a considerable inhibition of
DPP-VI activity. The results of the first sample were accurate, as they were well

close to the minimum control value.

Thus, with in silico studies , there was binding of the KD peptide with the DPP-IV enzyme,

therefore, in vitro analyses obtained a significant inhibition of DPP-IV with the addition of the peptide.
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Based on these positive results, there may be further studies to prove 100% of the
inhibition of DPP-IV activity.

Having become the study of bioinformatics and chemoinformatics increasingly
necessary for exploring the pharmacological potential of substances, through selection
of anchoring targets, as an example, to identify relationships between the actions revealed in the
targets and therapeutic effects. In silico models are used as a procedure for
screening, identifying the effect of a drug stimulus on cells, tissues,
guiding experimental research and clinical studies, however they are theoretical data until
to be validated. /n silico models are useful, but they lack the biophysical characteristics

humanities (DIAS, 2014).

5 CONCLUSION

It is concluded that in silico analysis, with the use of all these tools, it was possible
highlight the very relevant results. With all these results of the peptide interaction
KD extracted from cowpea, with the active site of DPP-IV, shows that there is a great possibility
inhibition of the DPP-IV protein through the KD peptide. Enabling GLP-1 to increase the
insulin secretion, improving glycemic control in patients with type 2 diabetes mellitus
2. And through in vitro analysis, it was possible to observe the inhibition of the activity of the KD peptide
after a certain time, in view of these positive results, more should be done
in vitro tests so that synthetic peptides can be developed in the correct sequences.
This essential factor for obtaining reliable results in the evaluation of tests
research. Furthermore, in the clinical setting, the purity of the drug or supplement is a critical issue.

mandatory, required by competent regulatory units.

6 REFERENCES

ALENCAR SA Use of computational tools for impact study

functional and structural analysis of nsSNPs in protein-coding genes. Belo Horizonte
Institute of Biological Sciences Federal University of Minas Gerais 2010. Available at:
http://www.pgbioinfo.icb.ufmg.br/defesas/52D.PDF. Page 28

AERTGEERTS, KYS;TENNANT, MG;COLLINS,B;ROGERS, J;SANG,BC;SKENE,
R,J;WEBB,AR;PRASAD, GSPepsite2 .2004. Available at:

http://pepsite2.russelllab.org/match ?molvis=jsmol&pdb=1R9M&chain=&ligand=kd. Access

@ @ This is an open access article distributed under the terms of the Creative Commons Attribution license, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.



@Wol

EK@%SJ%%%I@W'&WC Journal of Knowledge.

ISSN: 2675-9128. Sao Paulo-SP.

on: November 21, 2021

AERTGEERTS K; YE S; TENNANT MG; KRAUS ML; ROGERS J; SANGBC; SKENE

RJ; WEBB DR ;PRASAD GS The crystal structure of human dipeptidyl peptidase IV

in complex with a decapeptide reveals details about substrate specificity and

the formation of the tetrahedral intermediate. 2004 ProteinSci 13 : 412—421. Available at:

https://www.rcsb.org/structure/1R9M. Accessed on: 09 May 2022

ALVES, M. ;MEDINA, J. L,; NEVES, C. Incretins and Diabetes Treatment. Journal

Portuguese Diabetes. 2007.2 (4): 22-25. Available at:
http://www.revportdiabetes.com/wp-content/uploads/2017/10/RPD-Vol-2-n%C2%BA-4-
December-2007-Article-Review-p%C3%A30-p%C3%A1g-22-25.pdf. Accessed on: October 29, 2021.

ANDUKURI, R.; DRINCIC, A.; RENDELL, M. Alogliptin: a new addition to the class of DPP-
4 inhibitors.DiabetesMetabSyndrObes, v. 2, p. 117-26, Jul 2009. ISSN 1178- 7007.
Availableat:https://www.ncbi.nIm.nih.gov/pubmed/21437125https://www.ncbi.nlm.nih.gov/p
mc/articles/PMC3048010/pdf/dmso-2-117.pdf. Accessed on: November 20, 2021

AERTGEERTS, K., YE, S., TENNANT, M. G., COLLINS, B., ROGERS, J., SANG, B. C.,
SKENE, RJ, WEBB, DR, PRASAD, GSFull wwPDB X-ray Structure Validation
Report 2020. Available

at: https://files.rcsb.org/pub/pdb/validation_reports/r9/1r9m/1r9m_full_validation.pdf.

Accessed on: September 20, 2021

ARANZAZU, MD, ; CHAVARRI, M.; MACARULLA, MT, MEDINA C.
Effectsofthewholeseedandaproteinisolateoffababean (Vicia faba)
onthecholesterolmetabolismfhypercholesterolaemicrats. BJ Nutr.2001; 85(5):607-

614.Available at: file:///C:/Users/CCE-PC/Downloads/BJN2000330.pdf. Accessed at:

November 22, 2021

AREAS JAG,; BATISTUTI JP,; CRUZ RJ,; FONTANARI, G, ; SALDIVA, BHN,.
Cholesterol-lowering effect of wholelupin (Lupinusalbus) seed and its protein isolate. food

Chemistry. 2012; 132(3):1521-1526. Accessed on: October 30, 2021

This is an open access article distributed under the terms of the Creative Commons Attribution license, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.



EK@%SJ%%%I@W'&WC Journal of Knowledge.

> ;
7 ISSN: 2675-9128. Sdo Paulo-SP.

AREAS JA ,; FROTA, KMG, ;SOARES RAM. Chemical composition of cowpea
(VignaunguiculataL.Walp), cultivar BRS-Milénio. CiencTecolAliment. 2008;28(2):470-476.
Available at: https://www.scielo.br/pdf/cta/v28n2/a31v28n2.pdf. Accessed on: October 10, 2020

ARNOLDI, A.; CHIESA, G, ; CORNELLI L,; DIANI E,; MARCHESI, M, ; PAROLINI C;
RIGAMONTI E, ;SIRTORI, CR Hypolipidaemic and
antiatherosclerotic effectssoflupinproteins in a rabbit model. British J Nutr. 2008;100(4):

707-710. Available at: http://www.sciepub.com/reference/279609. Accessed on: November 19, 2021

ARAUJO, FMM C, ;COSTA. de. Biochemical characterization of cultivar seeds
of cowpea (Vignaunguiculata (L.) Walp.). 1997. 84p. Dissertation (Master's in
Biochemistry) - Federal University of Ceara, Fortaleza, 1997. Available at:
https://www.creape.org.br/wp-content/uploads/2020/10/CADERNO-SEMIARIDO-17-
COWPEA .pdf.Accessed on: November 4, 2021

BARBANA, C.; BOUCHER, A. C.; BOYE, JI In vitro binding bile

acidsaltsbylentilflours, lentilproteinconcentrates and
lentilproteinhydrolysates.FoodResearchinternational. 2011;44(1):174-180.

Available at: https://europepmc.org/article/agr/ind44587411. Accessed on: October 30, 2021

BANERJEE, M.; YOUNIS, N.; SORAN, H. Vildagliptin in clinical practice: a review
ofliterature. Expert OpinPharmacother, v. 10, no. 16, p. 2745-57, Nov 2009. ISSN 1744- 7666
(Electronic) 1465-6566 (Linking).

Available at: http://www.ncbi.nlm.nih.gov/pubmed/19874253. Access: Access: 20 Nov
2021

BAILEY, C.J.; FLATT, PR; GREEN, BD Dipeptidyl peptidase IV (DPP IV)

inhibitors: A newly emerging drug class for the treatment of type 2 diabetes. DiabVascDis Res,
v. 3, no. 3, p. 159-65, Dec 2006. ISSN 1479-1641 (Print) 1479-1641 (Linking). Availableat:
http://www.ncbi.nlm.nih.gov/pubmed/17160910 .Accessed: September 28, 2021

BALLER, B.; MEIER, J. J, ;NAUCK, MA;. Gastricinhibitorypolypeptide and
glucagonlike peptide-1 in the pathogenesis of type 2 diabetes. Diabetes, vol. 53 Suppl 3, p.

@ @ This is an open access article distributed under the terms of the Creative Commons Attribution license, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.



@Wol

Emmig)blml&tiﬁc Journal of Knowledge.

ISSN: 2675-9128. Sao Paulo-SP.

S190-6, Dec 2004. ISSN 0012-1797. Availableat: <

https://www.ncbi.nlm.nih.gov/pubmed/15561910 >. Accessed on: September 28, 2021

BAGLEY, DM et al. Eye irritation: chemical database of

reference

. Toxicol. In Vitro, 6: 487-91, 1992. Available at:
https://pubmed.ncbi.nim.nih.gov/20732149/. Accessed: January 14, 2022

BONITHON-KOPP, C ; FROTA KM G et al, ;FAIVRE, J . Diets, fibers, and colon cancer.
Advances in
Experimental Medicine and Biology, New York, vol. 472, p. 199-206, 1999. Available

at: https://www.scielo.br/pdf/cta/v28n2/a31v28n2.pdf .Accessed on: October 10, 2020

CAIRO, G. et al. The iron regulatory proteins: targets and modulators of free radical
reactions and oxidativedamage. Free Radical Biology & Medicine, San Diego, v. 32, no. 12, p.

1237-1243, 2002. Available at: https://pubmed.ncbi.nim.nih.gov/12057761/. Accessed on: 25
Oct. 2021

CERIELLO, A,; MOTZ E. Isoxdative stress
thepathogenicmechanismunderlyinginsulinresistance, diabetes, and cardiovascular disease?
The common soil hypothesis revised. ArteriosclerThrombVasc Biol. 2004; 24(5):816-
23.Available

at: https://www.ahajournals.org/doi/full/10.1161/01.ATV.0000122852.22604.78.Access
on: October 18, 2021

CHAKRA,AR,; ARODA MA, HENRY RR. Incretinohormones in diabetes and
metabolism. Accessed March 1, 2006. Available at
:http://www.unirv.edu.br/conteudos/fckfiles/files/ACFrOgBm75SzSoQXHH_61zX7Ytd2G4q
yyOx6z1EAPPGYW8hd6X45PvXLgUk6kkDONFjw4J4EfuPSAL5b8FzkcWVDknMcxZ70Q

X8PWLA5Qxp8xu7Cw4aJt-WViXz0w_s=.pdf. Accessed on: September 15, 2021

CHOUKEM,; GAUTIER, JF; SP; GIRARD, J. Physiology of incretins (GIP and GLP1)
and abnormalities in type 2 diabetes. Diabetes Metab, vol. 34 Suppl 2, p. S65-72, Feb 2008.

This is an open access article distributed under the terms of the Creative Commons Attribution license, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.



@Wol

EK@%SJ%%%I@W'&WC Journal of Knowledge.

ISSN: 2675-9128. Sao Paulo-SP.

ISSN 1262-3636 (Print) 1262-3636 (Linking). Availableat:

<http://www.ncbi.nIm.nih.gov/pubmed/18640588. Accessed on: November 20, 2021

CHRISPEELS, MJ; RAIKHEL, NV Lectins, lectin genes and their role in
plantdefence. In: VAND DRIESSCHE, E.; KILPATRICK, D.; BOG-HANSEN, TC (Eds.).
St. Louis: Lectins Reviews, 1991. Ch. 6, p. 183-194.

Available at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC159974/pdf/030001.pdf.Acess
on: Oct 30, 2021

COUTINHO, G. ;MARTINS, AC, et al. ,NINNECW, E. ;OLIVEIRA ADZ
;PROSDOCIMI F, ; REIS, AN ;SILVA AF. Bioinformatics: user manual.
BiotechnologyScienceDevelopment 2002;29:12-25. Available

at: https://repositorio.unesp.br/bitstream/handle/11449/142883/000866990.pdf?sequence=1
.Accessed on: October 28, 2021

CORREA IN; POLTRONIERI F; MARQUES, MR, et al 2016. Hypocholesterolemic action
of legume proteins. RASBRAN - Journal of the Brazilian Nutrition Association.

Sao Paulo, SP, Year 7, n. 2, p. 79-90, Jul-Dec. 2016 - ISSN 2177-7527. Available at:
file:///C:/Users/Usu%C3%A1rio/Downloads/189-Texto%20d0%20artigo-1588-1668-10-

20170125.pdf. Accessed on: November 21, 2021

CRUZ, JAA Dietary habits and nutritional status in adolescents over Europe-Southern
Europe.EuropeandournalofClinicalNutrition, London, v. 54, p. 29-35, 2000. Supplement.

Available at: https://pubmed.ncbi.nim.nih.gov/10805034/. Accessed on: August 25, 2021

CRUZ, AS; Maria Luisa BARBOSA, Terezinha de Jesus Andreoli PINTO. In vitro tests
as an alternative to Draize in vivo tests. Rev. Inst. Adolfo Lutz, 63(1):1-9, 2004.
Available at: file:///C:/Users/Usu%C3%A1rio/Downloads/34734-Texto%20do%20artigo-

34046-1-10-20210318.pdf. Accessed on: January 14, 2022

DEACON, CF; CARR, RD; HOLST, JJ DPP-4 inhibitor therapy: new directions in
thetreatmentoftype 2 diabetes. Front Biosci, vol. 13, p. 1780-94, Jan 2008. ISSN 1093- 9946.

Available at: https://www.ncbi.nlm.nih.gov/pubmed/17981667. Accessed: 30 Oct. 2021

This is an open access article distributed under the terms of the Creative Commons Attribution license, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.



Emmig)blml&tiﬁc Journal of Knowledge.

ISSN: 2675-9128. Sao Paulo-SP.

DIAS GT In Silico Toxicity Assessment and In Vitro Hemolytic, Antioxidant, and Antibacterial Activities
of Essential Oil and Microencapsulated Essential Oil Forms

Of LippiaPedunculosa. John Person 2018. Available in:
https://repositorio.ufpb.br/jspui/bitstream/123456789/17643/1/GTD11092018.pdf. Accessed on

08-Mac-22

DESTRO D. etal,LIENER, IE Implicationsofantinutritionalcomponents in

soybeanfoods. Critical Reviews in AnalyticalChemistry, London, vol. 34, no. 1, p. 31-67,

2013. https://www.scielo.br/scielo.php?script=sci_arttext&pid=S1984-
70332013000300007. Accessed on: October 25, 2021

DOYLE, ME; EGAN, JM Mechanismsofactionof glucagon-like peptide 1 in
thepancreas.PharmacolTher, v. 113, no. 3, p. 546-93, Mar 2007. ISSN 0163-7258.

Available at: https://www.ncbi.nlm.nih.gov/pubmed/17306374. Accessed on:30 Oct. 2021

DRUCKER, DJ; NAUCK, MA The incretin system: glucagon-like peptide-1 receptor
agonists and dipeptidyl peptidase-4 inhibitors in type 2 diabetes. Lancet, vol. 368, n. 9548,
p. 1696-705, Nov 2006. ISSN 1474-547X.

Available at: https://www.ncbi.nlm.nih.gov/pubmed/17098089. 25 Sep. 2021

DURANTI, M. Grain legume protein and nutraceutical properties. Phytotherapy.
2006;77(2):67-82. Available at: http://europepmc.org/article/med/16406359.25 Sep. 2021

ECKEL, J.; ROHRBORN, D.; WRONKOWITZ, N. DPP4 in Diabetes. Front Inmunol, vol. 6,
p. 386, 2015. ISSN 1664-3224. Availableat:

https://www.ncbi.nlm.nih.gov/pubmed/26284071. Oct 29, 2021

EMBRAPA MEIO-NORTE. Cowpea cultivation. Jul/2003. Available at:

http://www.cpamn.embrapa.br/pesquisa/graos/FeijacCaupi/referencias.htm. Access

on:Nov 20, 2021

FROTA, KM G et al. FELDHEIM, W.; WISKER, E.
Studiesontheimprovementofdietaryfibreintake. Deutsche Lebensmittel-Rundschau,
Hamburg, v. 96, n. 9, p. 327-330, 2000. Available

at: https://www.scielo.br/pdf/cta/v28n2/a31v28n2.pdf. Accessed on: October 25, 2021

@ @ This is an open access article distributed under the terms of the Creative Commons Attribution license, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.



@Wol

Emmig)blml&tiﬁc Journal of Knowledge.

ISSN: 2675-9128. Sao Paulo-SP.

FROTA, KMG, ;MAIA, FMM Nutritional composition and characterization of three cultivars
from Vignaunguiculata (L.) Walp: EPACE-10, Sheep's eye and IPA-206. Fortaleza, 1996. 87 p.
Dissertation (Master's in Plant Biochemistry), Federal University of Ceara. Available

at: https://www.scielo.br/pdf/cta/v28n2/a31v28n2.pdf. Accessed on: October 29, 2021

FERREIRA VA; CAMPOS SMB Pharmacological Advances in the Treatment of Type 2 Diabetes.
Vol.8,n.3,pp.72-78 Sep - Nov 2014. Available at:
https://www.mastereditora.com.br/periodico/20141101_221529.pdf.

GIL, A. C. How to Develop Research Projects. 4th ed. Sdo Paulo: Atlas, 2002. Available

at: http://www.uece.br/nucleodelinguasitaperi/dmdocuments/gil_como_elaborar_projeto_de
research.pdf. Accessed on: October 30, 2021

GUIDO RVC; ANDRICOPULO AD; OLIVA G. Drug planning,
biotechnology and medicinal chemistry: applications in infectious diseases. Advanced Studies 24 (70), Available at:
https://www.scielo.br/j/ea/a/mX29Psgﬂﬂé}Qqrp4thTCVv/?Iang=pt. Accessed on: 07 May 2022

GOES MAC; LUZ AB; POSSA MVA sampling. Mineral Technology Center
Ministry of Science and Technology. Rio de Janeiro, December 2004. Available at:

https://www.ufjf.br/baccan/files/2011/05/Amostragem_CT2004-180-00.pdf

HOPSU-HAVU, VK; GLENNER, GG A new
dipeptidenaphthylamidasehydrolyzingglycyl-prolyl-beta-naphthylamide.Histochemie, v.
7,no. 3, p. 197-201, 1966. ISSN 0018- 2222 (Print) 0018-2222 (Linking). Availableat:

http://www.ncbi.nlm.nih.gov/pubmed/5959122 .Accessed: October 30, 2021

HOLST, J. J, ;VILSBQLL, T. Incretins, insulin secretion and Type 2 diabetes mellitus.
Diabetologia, v. 47, no. 3, p. 357-366, Mar 2004. ISSN 0012-186X. Availableat:

https://www.ncbi.nlm.nih.gov/pubmed/14968296 .

Accessed on: September 29, 2021

IBGE - Brazilian Institute of Geography and Statistics. Systematic survey of
agricultural production. v. 5, n. 12, 1993; v. 6, n. 12, 1994; v. 7, n. 12, 1995; v. 8, n. 12, 1996; v.
9,no0.12,1997;v. 10, no. 12, 1998; v. 11, no. 12, 1999; v. 12, no. 12, 2000; v. 13, no. 12, 2008. Rio

January 2001. Available at:

This is an open access article distributed under the terms of the Creative Commons Attribution license, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.



EK@%SJ%%%I@W'&WC Journal of Knowledge.

ISSN: 2675-9128. Sao Paulo-SP.

https://biblioteca.ibge.gov.br/visualizacao/periodicos/6/Ispa_pesq_2008_jan.pdf.Access

on: September 18, 2021

INNOVAGEN. PepCalc.com - Peptide Properties Calculator. Available at:

https://pepcalc.com/. Accessed on: October 16, 2021.

JANG, HJ et al. Gut-expressed gustducin and taste receptors regulate secretion of
glucagon-like peptide-1.ProcNatlAcadSci USA, v. 104, no. 38, p. 15069-74, Sep 2007. ISSN

0027-8424. Available at: https://www.ncbi.nlm.nih.gov/pubmed/17724330 .Accessed: 30 Jan.
2021

JUNG C. F., Scientific and Technological Methodology . 2009 Edition Material for Purposes
Didactics — carlosfernandojung@gmail.com, Available at: September 30, 2021

http://www.dsce.fee.unicamp.br/~antenor/mod4.pdf

KHATTAK, NA; MIR, A, ;NAQSH AND ZAHRA, S. Comparativemodeling and

dockingstudiesof p16ink4/cyclin D1/Rb pathway genes in
lungcancerrevealedfunctionallyinteractiveresidueof RB1 and its functionalpartner

E2F1. Theoreticalbiology & medical modelling, v. 10, n. 1, p. 1, 2013. Accessed on: September 28.
2021

KAPOOR GS, CHAUDHARY K, GAUTAM A, KUMAR R, et al. In Silico Approach for

Predicting Toxicity of Peptides and Proteins.PLOS ONE 8(9): €73957. 2013. Available

at: https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0073957 &type=prin

table. Accessed on: 09 Mag 22.

LAKATOS, EM; MARCONI, Marina de Andrade. Fundamentals of scientific methodology.
5th ed. Sdo Paulo: Atlas, 2003. Available at file:///C:/Users/CCE-
PC/Downloads/LAKATOS%20-%20MARCONI%20-

%20FUNDAMENTAS%20DE%20METODOLOGIA%20CIENTIFICA.pdf.
Accessed: October 29, 2021

LOTFY, M. et al. Medicinal Chemistry and Applications of Incretins and DPP-4

Inhibitors in theTreatmentofType 2 Diabetes Mellitus. Open Med Chem J, v. 5, no. Suppl 2,

@ @ This is an open access article distributed under the terms of the Creative Commons Attribution license, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.



Emmig)blml&tiﬁc Journal of Knowledge.

ISSN: 2675-9128. Sao Paulo-SP.

p. 82-92, 2011. ISSN 1874-1045 (Electronic). Availableat:
http://www.ncbi.nlm.nih.gov/pubmed/21966329. Accessed: October 29, 2021

MENCION, JP; VAN DER POEL, AFB Processtechnology and
antinutritional factors: principles, adequacy and process optimization. In: 1993.
https://pubmed.ncbi.nim.nih.gov/10725143.Accessed on:18 Oct. 2021

MOSMANN, T. Rapid colorimetric assay for cellular growth and survival: application to proliferation

and cytotoxicity assays. J. Immunol. Methods, 65: 55-63, 1983. Available at: https://e-tarjome.com/
storage/btn_uploaded/2019-07-16/1563261481_9720-etarjome-English.pdf . Accessed on:14

Jan. 2022

MOURA, B. A. What is the nature of Science and what is its relationship with the History and Philosophy of Science?

Science .Brazilian Journal of History of Science, Rio de Janeiro, v. 7, n. 1, p. 32-46, Jan |
Jun 2014. Available at file:///C:/Users/CCE-
PC/Downloads/sbhc%202014_Breno%20Arsioli%20Moura.pdf. Accessed: August 18, 2021
Mota et al. The relationship of the DPP4 enzyme with SARS-CoV-2 infection. Research,
Society and Development, v. 10, n. 13, e415101321361, 2021. Available at:
file:///C:/Users/Usu%C3%A1rio/Downloads/21361-Article-258500-1-10-20211017.pdf.
Accessed on 08-Mar-22

MOLLER, D. E. Newdrug targets for type 2 diabetes and the metabolic syndrome. Nature.

2001;414:821-827. Available at: https://pubmed.ncbi.nim.nih.gov/11742415/. Accessed on: 18
Oct. 2021

MACHADO, A,; LIRIA, CW; PROTI, PB; REMUZGO, C.; MIRANDA, MTM

Chemical and enzymatic synthesis of peptides: basic principles and applications. Chemistry
Nova, v.27, n.5, p.781-789, 2004. Available at:
https://www.researchgate.net/publication/26395249_Sinteses_quimica_e_enzimatica_de_pept
ideos_principios_basicos_e_aplicacoes. Accessed on: January 14, 2022

NELSON DL; COX M M. Lenhinger Principles of biochemistry. ed. 5, New York: WH
Freemen, 2008. Available at:
file:///C:/Users/Usu%C3%A1rio/Downloads/Lehninger_Principles_of Biochemistry.pdf.
Accessed on: January 14, 2022

POSPISILIK, JA et al. Long-termtreatmentwiththedipeptidyl peptidase IV inhibitor

P32/98 causes sustainedimprovements in glucose tolerance, insulin sensitivity,

hyperinsulinemia, and beta-cell glucose responsiveness in VDF (fa/fa) Zucker rats.

@ @ This is an open access article distributed under the terms of the Creative Commons Attribution license, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.



@Wol

EmmiQ%IMI&tiﬁc Journal of Knowledge.

ISSN: 2675-9128. Sao Paulo-SP.

Diabetes, vol. 51, no. 4, p. 943-50, Apr 2002. ISSN 0012-1797 (Print) 0012-1797 (Linking).

Available at: http://www.ncbi.nlm.nih.gov/pubmed/11916911 .Accessed on: 29 Oct.2021

PINHEIRO RA;SANTOS DR;CABRAL MJS;SILVA RA;BARROS RP Attributes

biological characteristics of cowpea (Vighaunguiculata (L.) Walp., fabaceae) grown in pots with
different sources of organic fertilizer. Journal of the State University of

Alagoas/UNEAL e-ISSN 2318-454X, Year 11, Vol. 11(3), 2019. Available at:
file:///C:/Users/Usu%C3%A1rio/Downloads/161-Texto%20do%20artigo-307-331-10-

20191223.pdf. Accessed on 08-Mar-22

PANTALEAO SQ Analysis of the Structure-Activity Relationships of DPP-4 Inhibitors Candidates for the Treatment of Type
Il Diabetes Mellitus. FEDERAL UNIVERSITY OF ABC SCIENCE CENTER
NATURAL AND HUMAN FUNDAMENTALS Postgraduate Program in Science & Technology / Chemistry. Dissertation

Master's degree. 2014. Available in:

file:///C:/Users/Usu%C3%A1rio/Downloads/Disserta%C3%A7%C3%A30%20de%20Mestrado%20(1).pdf.
Accessed on: 09-Mar-22
PALSSON B. The challenges of in silicobiology. Nat Biotechnol [Internet]. 2000 Nov [cited

2014 Jun 27];18(11):1147-50. Available

at: http://complex.upf.es/~andreea/2006/Bib/Palsson.InSilicoBiology.pdf. Accessed at:

October 27, 2021

PAULA, Janaina do NLM de. The potential use of wheat y-amylase inhibitor 0.53 in
bruchid control. 2006. 87 p. Dissertation. (Master of Science) — Department of
Molecular Pathology of the Faculty of Medicine of the University of Brasilia, Brasilia, 2006.

Available at https://repositorio.unb.br/handle/10482/2538. Accessed on: October 29, 2021

PERRONE GC, RYBARCZYK-FILHO JL. Metabolic performance measurements using
whole-genome gene expression [Internet]. Available at:
https://www.lume.ufrgs.br/bitstream/handle/10183/78437/000899513.pdf?sequence=12011.

p. Accessed on: October 29, 2021

RIVERS KRKING, JC; SHAMES, DM; WOODHOUSE, L. Zinchomeostasis in humans.

Journal of Nutrition, Bethesda, vol. 130, no. 5, p.1360-1366, 2000. Available at:
http://repositorio.unicamp.br/jspui/bitstream/REPOSIP/256230/1/Rios_KarinaRibeiro_M.pdf
.Supplement. Accessed on: August 29, 2021

Rocha DF;Oliveira GM; Almeida LRC ;Pereira AVA ; Santos GVS Performance of common bean

cowpea and plant densities in the northern region of Bahia. Technical Agriculture, Areia-PB, v.

This is an open access article distributed under the terms of the Creative Commons Attribution license, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.



Emmig)blml&tiﬁc Journal of Knowledge.

(e ISSN: 2675-9128. Sao Paulo-SP.

40, n. 3-4, p. 48-54, 2019. Available at: file:///C:/Users/Usu%C3%A1rio/Downloads/ftcb-
45554%20(2).pdf

SALGADO, SM et al. Physicochemical characterization of bean starch granules
cowpea. Food Science and Technology, Campinas, v. 25, n. 3, p. 525-530,
2005. Available at: Accessed on: November 5, 2021

SOUZA DPV Synthesis and Study of the Biological Activity of the Bioactive Peptide Ery17p.
Darcy Ribeiro State University of Northern Fluminense — Uenf Campos dos Goytacazes

March 2017. Available at:
https://ead.uenf.br/moodle/pluginfile.php/27549/mod_resource/content/22/2017-
Daniela%20Pereira%20Vieira%20Souza-%20doctorate.pdf

SALES, PM Biomonitored study of the epicarp of the fruit of Pouteria torta (Mart.)

Raldk by alpha-amylase inhibition activity assay. 2012. 165 p. Thesis. (Doctorate

in Health Sciences) — University of Brasilia, Brasilia, 2012. Available at

https://repositorio.unb.br/bitstream/10482/10852/1/2012_PalomaMichelledeSales.pdf. Access
on: October 29, 2021

SILVA, AGM Biochemical characterization of raw and roasted almonds
chicha (Sterculiastriata A. St. Hill &Naudin). 2009. 57 p. Dissertation (Master in
Food Science and Technology) — School of Agronomy and Food Engineering of the
Federal University of Goias, Goiania, 2009. Available at

http://livros01.livrosgratis.com.br/cp108771.pdf. Accessed on: October 29, 2021

SILVA LA; BHF SAQUETI; ARTILLA CAF; SILVA DMB; SOUSA LCS; SCAPIM

MRS; VISENTAINER JV Vegetable proteins as functional foods. Braz. J. of

Develop., Curitiba, v. 6, n. 2, p. 5869-5879, Feb. 2020. ISSN 2525-8761. Available at:
file:///C:/Users/Usu%C3%A1rio/Downloads/6670-17665-1-PB.pdf . Accessed on: November 21, 2021
SANTOS APS;ZANUSSO JUNIOR G. QUALITY CONTROL IN CLINICAL LABORATORIES.
Vol.45,pp.60-67 , Jul - Sep 2015. Available at:
https://www.mastereditora.com.br/periodico/20150924 _075713.pdf

THOMAS CF PepDraw. Available at: http://pepdraw.com/. 2015. Accessed on: October 23.
2021.

@ @ This is an open access article distributed under the terms of the Creative Commons Attribution license, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.



Emmigwlm@mﬁc Journal of Knowledge.

(e ISSN: 2675-9128. Sao Paulo-SP.

ZHOU P, JIN B, LI H, HUANG SY. HPEPDOCK: a web server for docking

blind peptide-protein matching based on a hierarchical algorithm. NucleicAcidsResearch,
doi: 10.1093 / nar / gky357, 2018. Accessed on: October 28, 2021.

Available at: huanglab.phys.hust.edu

TOXINPRED. Design and prediction of toxic peptides. Available

at: https://webs.iiitd.edu.in/raghava/toxinpred/index.html. Accessed on: January 13, 2020.
TAVARES LC QSAR. the Hansch approach. Chemistry New 27 (4) « Aug 2004. Available at:
https://www.scielo.br/j/qn/a/GzGGgkKzC6m9p968RCCxRyL/?lang=pt

OLIVEIRA ADZ IN SILICO ANALYSIS INDICATES SIMILARITY OF EXPRESSION

GENIC ANALYSIS IN THE VITAMIN D RECEPTOR INTERACTION NETWORK IN CLINICALLY
ISOLATED SYNDROME AND MULTIPLE SCLEROSIS. BOTUCATU/SP

2014. Available in.
https://repositorio.unesp.br/bitstream/handle/11449/142883/000866990.pdf?sequence=1.
Accessed on 08-Mar-22

@ @ This is an open access article distributed under the terms of the Creative Commons Attribution license, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.



