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GARCIA, Bianca de Fatima. Peptideos bioativos do feijdo com potencial para
diminuir o risco de desenvolvimento de doencas crénicas ndo transmissiveis.
2019. 80 f. Dissertacao (Mestrado em Ciéncia de Alimentos) — Universidade Estadual
de Londrina, Londrina, 2019.

RESUMO

Devido a possibilidade de obter-se peptideos com atividade biolégica a partir da
hidrolise de proteinas presentes no feijdo, este tem se tornado objeto de diversas
pesquisas atualmente. Peptideos bioativos sdo sequéncias de aproximadamente 2-
20 aminoacidos, que podem apresentar atividade moduladora em processos
metabdlicos que ocorrem no organismo humano, como por exemplo, a via de
absorcao da glicose. No entanto, a hidrolise de proteinas pode gerar peptideos com
alta diversidade estrutural, dificultando a selecéo das fontes proteicas mais adequadas
para obter-se peptideos candidatos a exercerem atividade bioldgica in vivo. Nesse
sentido, a bioinformética pode ser uma ferramenta simples e barata para auxiliar este
processo. Portanto, o objetivo do presente estudo foi identificar in silico a possibilidade
de obtencédo de peptideos bioativos a partir das proteinas de reserva, especificamente
as globulinas, das espécies de feijdo Phaseolus vulgaris (L.), Vigna angularis (Willd.),
Vigna radiata (L.), e Vigna unguiculata (L.) Walp., utilizando-se para isso as bases de
dados UniProt, BIOPEP e PeptideRanker. Foram avaliados o perfil de potencial
atividade biolégica das globulinas das espécies de feijao mencionadas, e a obtencéo
de fragmentos bioativos por meio da simulacdo da hidrélise proteica por dois
processos distintos: a digestao gastrointestinal com pepsina, tripsina e quimiotripsina
e a hidrdlise pela acao da enzima subtilisina. A frequéncia de ocorréncia de peptideos
com atividades especificas foi calculada através da seguinte equacédo: "A” = a/At,
onde “a” corresponde a quantidade de peptideos com determinada atividade na
sequéncia da proteina e “At” € o numero total de residuos de aminoacidos na proteina.
Para todas as espécies estudadas a maior frequéncia de ocorréncia de peptideos com
potencial atividade biolégica encontrada foi para a atividade de inibicdo da enzima
dipeptidil peptidase-IV, seguida pela inibicdo da enzima conversora de angiotensina-
I, e pela atividade antioxidante, sendo que as duas primeiras enzimas sao alvos
terapéuticos no tratamento de doencgas cronicas como a diabetes mellitus tipo 2
(DM2), e a hipertenséao arterial respectivamente. A digestdo gastrointestinal pareceu
ser suficiente para liberar fragmentos com potencial atividade biolégica das proteinas
globulinas das espécies estudadas, indicando que o consumo diario destas
leguminosas pode ser considerado uma estratégia para diminuir o risco de
desenvolvimento de DM2 e hipertensao. No entanto, a hidrélise com a subtilisina pode
ser utilizada para potencializar a quantidade de fragmentos potencialmente bioativos
obtidos, visto que este processo gerou diferentes fragmentos do que os encontrados
quando simulada a digestdo com enzimas gastrointestinais, possibilitando o
desenvolvimento de produtos funcionais a partir das fontes proteicas estudadas.

Palavras-chave: Diabetes melittus tipo 2. Hipertensdo. BIOPEP. Bioinforméatica.



GARCIA, Bianca de Fatima. Bioactive peptides from beans with the potencial to
decrease the risk of developing nontransmissible chronic diseases. 2019. 80 p.
Dissertation (Master’s degree in Food Science) — Universidade Estadual de Londrina,
Londrina, 2019.

ABSTRACT

Due to the possibility of obtaining peptides with biological activity from the hydrolysis
of proteins present in beans, this has become the object of several researches
currently. Bioactive peptides are sequences of approximately 2-20 amino acids, which
may exhibit modulatory activity in metabolic processes occurring in the human body,
such as the glucose uptake pathway. However, the hydrolysis of proteins can generate
peptides with high structural diversity, making it difficult to select the most adequate
protein sources to obtain peptides candidates to exert biological activity in vivo. In this
sense, the bioinformatic can be a simple and inexpensive tool to aid this process.
Therefore, the objective of this study was to identify in silico the possibility of obtaining
peptides with potential biological activity from the storage proteins, specifically the
globulins, of the bean species Phaseolus vulgaris (L.), Vigna angularis (Willd.), Vigna
radiata (L.), and Vigna unguiculata (L.) Walp., using the UniProt, BIOPEP and
PeptideRanker databases. It was evaluated the profile of potential biological activity of
the globulin proteins of the afore mentioned bean species and the obtention of
bioactive fragments by the protein hydrolysis simulation by two different processes:
gastrointestinal digestion with pepsin, trypsin and chymotrypsin and the hydrolysis by
the action of enzyme subtilisin. The frequency of peptide occurrence with specific
activities was calculated by the following equation: “A” = a / At, where “a” corresponds
to the number of peptides with certain activity in the protein sequence and “At’ is the
total number of amino acids residues. For all the species studied, the highest frequency
of peptides occurrence with potential biological activity was found for inhibiting
dipeptidyl peptidase-IV (DPP-1V) activity, followed by the inhibit angiotensin-I
converting enzyme (ACE) activity, followed by antioxidant activity. The inhibition of
DPP-IV and ACE are therapeutic targets in the treatment of noncommunicable
diseases such as diabetes mellitus type 2 (T2D) and arterial hypertension respectively.
The gastrointestinal digestion appears to be enough to release fragments with potential
biological activity from the globulin proteins of the studied species, indicating that the
daily consumption of this legumes can be considered a strategy to reduce the risk of
developing T2D and hypertension. However, hydrolysis with subtilisin can be used to
potentiate the amount of potentially bioactive fragments obtained, since this process
generated different fragments of those found when digestion with gastrointestinal
enzymes was simulated, making possible the development of functional products from
the protein sources studied.

Keywords: Diabetes mellittus type 2. Hypertension. BIOPEP. Bioinformatic.
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Alanina
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Asparagina
Aspartato
Cisteina

Glutamina

Acido glutamico

Glicina
Histidina
Isoleucina
Leucina
Lisina
Metionina
Fenilalanina
Prolina
Serina
Treonina
Triptofano
Tirosina

Valina
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1. INTRODUCAO

hY

Devido a fatores como alimentagcdo inadequada, obesidade,
tabagismo e sedentarismo, a incidéncia de doencas crbnicas ndo transmissiveis
como a hipertensdo arterial, diabetes melittus tipo 2 (DM2), dislipidemia, cancer,
entre outras, tem aumentado consideravelmente, acompanhando as mudancas que

ocorreram nos habitos de vida da populagéo do Brasil e de outros paises.

Dentre essas doencas, a hipertensdo e a DM2 estdo em constante
associacdo, devido a alta frequéncia em que ocorrem, e, portanto, sdo consideradas
problemas de saude publica mundial (BRASIL. Secretaria de Saude do Tocantins,
2017). Estima-se que 13 milhdes de pessoas sejam portadoras de diabetes no Brasil
(SBD-SOCIEDADE BRASILEIRA DE DIABETES, 2017). No que diz respeito a
hipertensdo, este numero € ainda maior, atingindo 36 milhdes de adultos
(SOCIEDADE BRASILEIRA DE CARDIOLOGIA, 2016).

Apesar da existéncia de protocolos estabelecidos para o tratamento
da DM2, e hipertensdo, hd uma busca por alternativas que diminuam os efeitos
adversos causados pelos medicamentos e que auxiliem no tratamento. Portanto, é
de interesse o desenvolvimento de ingredientes e produtos alimenticios que
contenham moléculas bioativas com potencial atuacdo nos alvos terapéuticos
dessas doencas, e que possam ser inseridos na alimentacao de individuos em curso

de desenvolvimento.

Compostos biotivos sdo componentes obtidos de origem animal e
vegetal, e que podem ter uma influéncia positiva na saldde humana, ao agir em
tecidos especificos ou células. Dentre eles, encontram-se o0s peptideos bioativos, os
quais sdo definidos como sequéncias de aproximadamente 2-20 aminoacidos
(ASTLEY; FINGLAS, 2016); (LI; YU, 2015). Devido a possibilidade de obter essas
moléculas a partir das proteinas de reserva presentes no feijao, este tem se tornado

objeto de inUmeras pesquisas atualmente.

Foi demonstrado que a hidrélise enzimatica in vitro pela acédo da
Alcalase® e/ou simulacdo da digestdo gastrointestinal de proteinas presentes nos

feijdes -azuki, -caupi, -comum e -mungo-verde, produziu peptideos bioativos com
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potencial antioxidante e atividade para inibir a enzima dipeptidil peptidase-IV (DPP-
IV) (ROCHA et al., 2014; ROCHA et al., 2015; MOJICA; GONZALEZ DE MEJIA,
2015), alvo terapéutico no tratamento da DM2 e para inibir a enzima conversora de
angiotensina-l (ECA) (LI et al., 2006; MOJICA; GONZALEZ DE MEJIA, 2015), alvo

molecular de medicacdes anti-hipertensivas.

No entanto, a producdo industrial de peptideos bioativos e
ingredientes que contenham estes compostos ainda € incipiente, devido a
dificuldade em selecionar moléculas adequadas e a falta de tecnologias para
processos como hidrélise de proteinas, separacao e purificacdo, além de faltarem
estudos que caracterizem a biodisponibilidade dessas moléculas (RIZZELLO et al.,
2016). Atualmente, muitos estudos a respeito da acdo dos peptideos bioativos séo
realizados por meio de ensaios in vitro, constatando atividade dessas moléculas
sobre biomarcadores como as enzimas, sendo que apenas uma pequena

quantidade é realizada em animais ou humanos.

Diante da possibilidade de se obter uma grande variedade estrutural
de peptideos bioativos a partir de diversos alimentos, a bioinformatica pode ser uma
ferramenta Util para auxiliar na selecdo de fontes proteicas adequadas para obter-se
essas moléculas e na producédo de ingredientes funcionais a partir de concentrados

proteicos ou de peptideos isolados candidatos a exercerem atividade in vivo.

Bases de dados como a UniProt (THE UNIPROT CONSORTIUM,
2017); BIOPEP-UWM (MINKIEWICZ et al., 2008) e PeptideRanker (MOONEY et al.,
2012) tém sido muito utilizadas em estudos cientificos para confirmar sequéncias e
predizer a bioatividade de peptideos in silico utilizando-se da bioinformatica (LUNA
VITAL et al., 2014; MOJICA; GONZALEZ DE MEJIA, 2015; OSEGUERA-TOLEDO;
GONZALEZ DE MEJIA; AMAYA-LLANO, 2015; ROCHA et al., 2015; YU et al.,
2018). Estudos in silico sdo simulagbes computacionais utilizadas para caracterizar
experimentos bioldgicos conduzidos inteiramente em um computador por meio de
softwares, sendo que as principais vantagens deste tipo de abordagem sao, a

rapidez para obter-se resultados e a diminuicdo de custos (MARSHALL, 2018).
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2. OBJETIVO

2.1 OBJETIVO GERAL

Identificar in silico peptideos bioativos das proteinas de reserva, especialmente as
globulinas, das espécies Phaseolus vulgaris (L.) (feijdo-comum), Vigna
angularis (Willd.) (feijao-azuki), Vigna radiata (L.) (feijdo-mungo-verde), e Vigna
unguiculata (L.) Walp. (feijao-caupi), e revisar estudos cientificos que demonstraram
o potencial destas moléculas na diminui¢éo do risco de desenvolvimento de doencas

cronicas nao transmissiveis.

2.2 OBJETIVOS ESPECIFICOS

Realizar um levantamento sobre o sequenciamento de amino&cidos das
proteinas de reserva da classe das globulinas das espécies de feijdes

mencionadas.

Avaliar a similaridade entre diferentes sequéncias de aminoacidos reportadas

para a mesma proteina.

Avaliar in silico o perfil de potencial atividade biologica das proteinas

globulinas.

Realizar uma predicdo cientifica quanto ao potencial de obtencdo de
peptideos bioativos das globulinas dos feijdes mencionados, por meio da
simulagdo de dois processos de hidrolise distintos, sendo eles a digestdo
gastrointestinal com pepsina, tripsina e quimiotripsina e a hidrélise pela

enzima subtilisina.

¢ Realizar uma predicdo cientifica quanto ao potencial dos peptideos obtidos a

partir dos dois objetivos anteriores serem bioativos.
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e Confrontar os fragmentos obtidos com potencial para serem bioativos no
presente estudo com sequéncias peptidicas identificadas por outros autores

com a mesma atividade em estudos cientificos realizados in vitro.

e Levantar a quantidade de estudos cientificos disponiveis sobre peptideos

bioativos do feijao.
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3. REVISAO BIBLIOGRAFICA

3.1 DOENCAS CRONICAS NAO TRANSMISSIVEIS

Em geral as doencas cronicas estdo relacionadas a causas
multiplas; s@o caracterizadas por inicio gradual, de progndstico geralmente incerto,
com longa ou indefinida duracdo. Seu desenvolvimento clinico oscila ao longo do
tempo, podendo haver periodos de agudizacdo que gerem incapacidades.
Requerem intervencdes com o uso de tecnologias, associadas a mudancas de estilo
de vida em processo de cuidado continuo, e que hem sempre leva a cura (BRASIL.
Ministério da Saude, 2013).

Doencas cardiovasculares, canceres, doencas respiratérias crénicas
e a diabetes melittus sé@o as principais doencas crénicas ndo transmissiveis, e foram
responsaveis por 51,6% do total de 6bitos na populacédo de 30 a 69 anos no Brasil
em 2015 (BRASIL. Ministério da Saude, 2019).

Estima-se que h& mais de 13 milhfes de pessoas vivendo com
diabetes no Brasil, sendo que aproximadamente 90% dos casos sé&o do tipo 2, e 0
restante do tipo 1 e gestacional (SBD-SOCIEDADE BRASILEIRA DE DIABETES,
2017). Em relacao a hipertensao, este numero é ainda maior, atingindo 36 milhées
de adultos, contribuindo direta e indiretamente com 50% das mortes por doenca
cardiovascular (SBC-SOCIEDADE BRASILEIRA DE CARDIOLOGIA, 2016).

No paciente com DM2 o corpo ndo responde adequadamente a
insulina, o que é chamado de resisténcia a acdo da insulina. Como consequéncia,
ha elevacdo da glicose sanguinea, chamada de hiperglicemia. O critério de
diagndstico para esta doenga é a glicemia de jejum 2126 mg/dL. Com o passar do
tempo, 0 pancreas ndo consegue mais produzir insulina suficiente para manter os
niveis de glicose normais (ADA-AMERICAN DIABETES ASSOCIATION, 2017,
2019).

A dipeptidil peptidase-IV (DPP-1V) é uma enzima que participa da
inativacao das incretinas, hormonios que estimulam a secrecédo de insulina, sendo os
principais o GLP-1 (glucagon-like peptide) e o GIP (glucose-dependent insulinotropic
peptide), portanto, a inibicdo da DPP-IV € um mecanismo utilizado para controle da
DM2 (OSEGUERA-TOLEDO et al., 2014).
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A hipertensdo é uma condicdo multifatorial, caracterizada por
elevacao sustentada dos niveis pressorios >130 e/ou 80mmHg, e pode ser agravada
por intolerancia a glicose e diabetes (AMERICAN HEART ASSOCIATION, 2019).

A inibicdo da enzima conversora de angiotensina-l (ECA) € um alvo
terapéutico no tratamento da hipertensdo, pois esta catalisa a conversao da
angiotensina | em Il, a qual € um potente vasoconstritor, que leva a elevacao da
pressao sanguinea (ARIZA-ORTEGA et al., 2014).

A oxidagdo é um processo vital no organismo humano, no qual
ocorre a producdo de radicais livres (moléculas altamente reativas que contém um
elétron desemparelhado em sua Ultima camada eletrbnica). Em circunstancias
normais, a oxidagcdo é um balanco dindmico e continuo entre producdo e eliminagéo
de radicais livres, porém o excesso de producdo destas moléculas pode causar dano
continuo as células, o que € conhecido como stress oxidativo (LI; YU, 2015). Este
processo pode ocasionar danos e mutacfes no DNA, o que pode ser um fator de
risco para o desenvolvimento de cancer e doencas relacionadas a idade como
doencas cardiovasculares, autoimunes e diabetes. Por esta razdo, o consumo
regular de compostos antioxidantes tem sido recomendado (KHANSARI, SHAKIBA &
MAHMOUDI, 2009).

3.2 FEIJAO

De acordo com a estimativa publicada pela CONAB-Companhia
Nacional de Abastecimento em janeiro de 2019, a producéao total de feijao no Brasil
na safra 18/19 foi de 3,099 milhdes de toneladas. Sendo que 498,0 mil toneladas
foram de feijao-comum preto, 1,810 milhdo de toneladas de feijdo-comum cores e
791,0 mil toneladas de feijdo-caupi.

Originario da América Central o feijao-comum (Phaseolus vulgaris
(L.)) est& entre as principais leguminosas comestiveis (BRASIL, SEAB-Secretaria de
Estado da Agricultura e do Abastecimento, 2016).

De acordo com estudo de Perazzini et al. (2008) que avaliou 8
cultivares de feijao-comum, o conteudo de proteina variou entre 21.8% a 29.2%,

sendo que apoés fracionamento e extracdo das proteinas de reserva, o contetdo de
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albuminas variou entre 14.8% a 20.8%, e o de globulinas entre 33.1% a 45.1%,
representando a maioria do total de proteinas. Por outro lado, o conteudo de
glutelinas variou entre 12.8% a 41.2% enquanto que para as prolaminas, em apenas
3 cultivares os valores foram maiores que 1% do conteudo total de proteinas.

De acordo com estudo de Mojica e Gonzalez de Mejia (2015) que
avaliou 15 cultivares diferentes de feijdo-comum provenientes do México e Brasil, a
faseolina foi a proteina mais abundante, representando de 30.2% a 53.5% do total
do conteudo de proteinas. A faseolina (7S globulina) pertence a fracao proteica das
globulinas, e é uma proteina oligomérica, que consiste em duas ou trés subunidades
polipeptidicas denominadas a-, B-, e y- faseolina, com pesos moleculares que
variam entre 43 a 53 kDa (ROMERO et al., 1975).

As espécies de feijao do género Vigna sdo cultivadas em diversas
regides do mundo, entre elas, destacam-se o feijdo-caupi (Vigna unguiculata (L.)
Walp.), também denominado de feijdo-de-corda e feijao-fradinho, Vigna radiata (L.),
(feijdo-mungo-verde) e Vigna angularis (Willd.) (feijao-azuki) (BELL et al., 2011).

O feijdo-caupi, cultivado na Asia, Africa e na América do Sul, € uma
leguminosa de grande importancia nas regides tropicais e subtropicais do mundo
(BRASIL, SEAB-Secretaria de Estado da Agricultura e do Abastecimento, 2016).

Segundo Awika e Duodu (2017) o feijdo-caupi possui de 22-30% de
proteinas em base seca, sendo que a maioria sao proteinas de reserva. De acordo
com estudo de Gupta et al. (2010) que avaliou 21 gendtipos de feijao-caupi, o
conteudo total de proteinas variou de 22.4% a 27.9%. Dentre eles, foram
selecionados os 7 gendtipos com maior conteldo de proteinas, nos quais as
proteinas de reserva, entre elas as globulinas, representaram o0 maior conteudo
variando de 55,6% a 58.8% do total de proteinas, em seguida vieram as glutelinas
(14.4% a 15.6%), as albuminas (8.2% a 11.9%) e as prolaminas (2.3% a 5.0%).

Dentre as globulinas, o feijdo-caupi € composto em menor
quantidade pelas leguminas (11 S globulina) e em sua maioria pelas vicilinas
(FOTSO et al., 1994). As vicilinas sao proteinas de reserva da classe 7 S globulina,
com alta massa molecular (150 kDa) (GOMES et al., 1998).

O feijdo-azuki € uma espécie oriunda da China, tradicionalmente
consumida no leste da Asia, sendo muito popular no Japdo onde é consumido na
forma de gréos e utilizado como ingrediente essencial em diversas preparacdes. Nos

altimos anos, essa leguminosa também tem sido consumida em paises europeus na
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forma de grdos e brotos. No Brasil, é cultivada principalmente pelos colonos de
origem japonesa (GUARESCHI et al., 2009; SATO et al., 2016). O feijao-azuki
possui aproximadamente 55% de amido, 0,45% de gordura e 25% de proteina
(YOUSIF; DEETH; CAFFIN, 2002). Na fracao proteica composta pelas globulinas, a
proteina de reserva 7S globulina (vicilinas) é a que esta presente em maior
quantidade nos graos de feijdo-azuki, correspondendo a aproximadamente 78%,
enquanto a 11S globulina (leguminas) possui valores préximos a 12% (MENG e MA,
2001).

O feijdo-mungo-verde é originario da regido nordeste da india e
Birmania (Myanmar), localizados na Asia. E cultivado na Asia, Africa, América do Sul
e do Norte e Austrdlia, e tem seu perfil de aminoacidos essenciais comparaveis ao
da soja. No Brasil, a recorrente utilizacdo de broto de feijdo na culinaria esta
associada ao aumento do consumo de feijdo-mungo-verde (LI et al., 2010; LIMA et
al., 2004).

O conteudo de proteinas do feijdo-mungo-verde varia entre 17-26%
(MENDOZA et al., 2001), o qual é composto por 62% de globulinas, 16.3% de
albuminas, 13.3% de glutelinas e 0.9% de prolaminas (AMARAL et al., 2017). Dentre
as globulinas, a vicilina (8 S) corresponde a 89% do total de globulinas, enquanto
gue as leguminas (11 S) e as tipo basicas (7 S) correspondem a 7.6% e 3.4%,
respectivamente (MENDOZA et al., 2001).

O conteudo de proteina dos feijdes pode ser influenciado por fatores
como as condicdes ambientais do local de crescimento e de maturacdo das
sementes, o gendtipo da planta mée e a expressao de genes que regulam a sintese
e acumulacao de fragcdes proteicas e ndo proteicas na semente (PERAZZINI et al.,
2008).

3.3 PEPTIDEOS BIOATIVOS

Alguns componentes obtidos de origem animal e vegetal, como os
carotenoides, polifendis, fitoesterdis, acidos graxos e peptideos, podem ter uma
influéncia positiva na saiude humana, ao agir em tecidos especificos ou células, e,
portanto, sdo denominados de compostos bioativos (ASTLEY; FINGLAS, 2016).
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Peptideos bioativos sdo sequéncias de aproximadamente 2-20
aminoacidos, obtidos de proteinas de origem animal e vegetal (LI; YU, 2015). Estes
compostos séo liberados por processos como fermentacdo por micro-organismos
proteoliticos, especialmente para liberar peptideos de produtos lacteos, hidrélise por
enzimas gastrointestinais, e por enzimas obtidas de plantas ou micro-organismos.
Os peptideos bioativos podem ser absorvidos no intestino, e exercerem atividades
em diversas vias metabdlicas, como por exemplo, as vias envolvidas na absor¢éo de
glicose e da produgéo de colesterol (AGYEI et al., 2016).

Algumas pesquisas tém avaliado e caracterizado peptideos bioativos
presentes em alimentos, demonstrando potencial atividade farmacoldgica, o que
abre a possibilidade de termos alimentos funcionais para prevencao de doengas. O
consumo destes alimentos pode ter um impacto positivo na saude quando
combinados com habitos saudaveis (ARIZA-ORTEGA et al., 2014; LI; YU, 2015).

Atualmente, a maioria dos estudos -caracterizando peptideos
bioativos séo realizados por meio de ensaios in vitro. Dentre 0os meétodos mais
utiizados para a obtencdo de peptideos estd a simulagdo da digestédo
gastrointestinal. As proteases mais utilizadas neste processo sdo a pepsina, a
pancreatina e a quimiotripsina.

A pepsina € uma endopeptidase, a qual age no estbmago ao
hidrolisar proteinas em peptideos, sendo responsavel por menos que 20% da
digestdo proteica no trato gastrointestinal (SMITH, 2010). A pancreatina € uma
mistura de enzimas obtidas do pancreas, dentre elas, esta presente a tripsina, a qual
€ uma serina endopeptidase que hidrolisa ligacdes peptidicas apos residuos de
arginina e lisina (CHEN; RADISKY; FEREC, 2013). Além da tripsina, o pancreas
também secreta quimiotripsina, uma endoprotease que age no duodeno clivando
proteinas que possuem residuos aromaticos na extremidade (PRASAD; HOLLINS;
LAMBERT, 2010).

Durak et al. (2013) evidenciaram que peptideos obtidos das fracbes
proteicas de grdos de feijdo-azuki através da hidrolise enzimatica in vitro, pela
simulacdo das condicbes gastrointestinais com as enzimas a-amilase, pepsina e
pancreatina, demonstraram atividade inibitéria da ECA, sendo que na fragéo
composta por globulinas, o valor de IC5s0 obtido foi de 1,03 mg/mL. A ICs0 é definida
como a concentracao de inibidor necessaria para inibir 50% de atividade enzimatica,

portanto, quanto menor o seu valor, mais potente sera o inibidor.
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Segundo Mojica e Gonzalez de Mejia (2015), além das ja
conhecidas propriedades nutricionais do feijdo-comum, apos hidrélise do isolado
proteico através da simulacdo da digestdo gastrointestinal com as enzimas a-
amilase, pepsina e pancreatina de diferentes cultivares provenientes do Brasil e do
México, foram identificadas sequéncias peptidicas com potencial bioativo
antioxidante e para inibir a ECA e DPP-IV, as quais estdo envolvidas com a
fisiopatologia das doencas cronicas hipertensdo e DM2, respectivamente.

Outro método bastante utilizado para a obtencédo de peptideos com
potencial atividade biolégica a partir de proteinas presentes em alimentos, é a
hidrélise com enzimas comerciais. De acordo com estudo realizado por Segura-
Campos; Chel-Guerrero e Betancur-Ancona (2011), apds hidrélise das proteinas
presentes no feijdo-caupi com a enzima Flavourzyme® (complexo de proteases
fungica que cataboliza proteinas através da hidrélise de ligacdes peptidicas) a fracdo
peptidica < 1 kDa obteve a maior atividade no ensaio de inibicdo da ECA in vitro,
com ICs0 = 0,04 pg/mL.

A utilizacdo de peptideos bioativos inibidores da ECA derivados do
feijjdo, pode ser uma alternativa para minimizar efeitos adversos causados por
medicamentos sintéticos, como rash cutaneo, proteindria e distdrbios na percepc¢éo
do gosto (ARIZA-ORTEGA et al., 2014).

Estudo realizado por Oseguera-Toledo; Gonzalez de Mejia; Amaya-
Llano (2015) demonstrou que apds a simulacdo da digestdo gastrointestinal do
hidrolisado proteico de feijdo-comum obtido pela acdo da Alcalase® (forma
comercial da subtilisina, obtida do Bacillus licheniformis), a qual €& uma
endopeptidase com atividade em ésteres de peptideos e aminoacidos, produziu
peptideos bioativos com potencial para inibir as enzimas DPP-IV e aumentar a
secrecdo de insulina pelas células iINS-1E (insulin secreting beta cell derived line).

Li et al. (2006) isolaram e sequenciaram trés tipos de peptideos
inibidores da ECA a partir da hidrdlise pela Alcalase durante 2 h do isolado proteico
de feijdo-mungo-verde, sendo eles: KDYRL; VTPALR; KLPAGTLF, com valores de
ICs0 = 26,5 uM, 82,4 uM e 13,4 uM respectivamente.

Rocha et al. (2015) demonstraram que a hidrélise enzimética pela
acdo da Alcalase do concentrado proteico obtido da farinha de feijao-comum
germinado, gerou peptideos bioativos com alta capacidade antioxidante, além de

identificar a sequéncia peptidica RGPLVNPDPKPFL presente na proteina faseolina,
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a qual tem potencial predito para interagir com o sitio ativo da enzima DPP-IV. Os
resultados descritos, indicam que o feijdo-comum tem potencial para dar origem a
ingredientes para utilizagdo no controle da DM2.

Devido ao potencial de peptideos bioativos encontrados no feijao de
inibir enzimas como a DPP-1V, e ECA, envolvidas com o aparecimento de doencas
cronicas, o consumo de feijdo como suplemento dietético pode contribuir para o
controle da DM2 e hipertensdo (MOJICA; LUNA-VITAL; GONZALEZ DE MEJIA,
2017).

Apesar de serem realizados em menor quantidade, ha também na
literatura estudos realizados in vivo para caracterizar peptideos bioativos obtidos a
partir de alimentos. Ariza-Ortega et al. (2014) concluiu que apdés hidrélise proteica
com Alcalase a partir do feijdo-comum, a fracdo peptidica de 3 -10 kDa possuiu
atividade inibitoria da ECA in vitro e atividade anti-hipertensiva in vivo na dose de 4
mg/kg, ao identificar a diminuicdo da pressao sistdlica em ratos hipertensos
naturalmente ap6s duas horas de administracao intraperitoneal.

Li et al. (2006) concluiram que a hidrélise enzimatica em diferentes
tempos pela Alcalase do isolado proteico de feijdo-mungo-verde, gerou peptideos
com atividade inibitoria da ECA, sendo que a maior atividade foi detectada ap6s 2 h
de hidrdlise, ICso = 0,64 mg proteina/mL, e que apds administracdo oral deste
hidrolisado em ratos hipertensivos naturalmente, a uma dose de 600 mg/kg, houve
diminuicdo na pressao sistélica apos 2, 4, 6 e 8 h da administracdo, sendo que a
reducdo maxima de 30,8 mmHg foi observada apoés 6 h.

Estudo de Yao; Cheng e Ren (2014) realizado com ratos diabéticos
alimentados durante 42 dias com extratos ricos em proteinas (86,04%), obtidos a
partir do extrusado de feijdo-azuki, concluiu que a concentracdo de glicose
sanguinea apos 30, 60, 90 e 120 min da administracéo de glicose oral, foi menor nos
ratos diabéticos que receberam o extrato rico em proteinas, quando comparados
com o grupo controle, sugerindo que o consumo de proteinas obtidas a partir do
extrusado de feijado-azuki pode auxiliar na modulacédo da DM2 e suas complicacdes.

Estudo clinico duplo-cego, placebo-controlado realizado com 22
individuos entre eles homens e mulheres, com idade variando entre 21 a 55 anos,
nos Estados Unidos e Canada, avaliou o efeito do consumo do isolado comercial de
proteinas do feijao-mungo-verde consistindo de 92% de proteina (GLUCODIA™), no

metabolismo de glicose e lipidico. O principal componente do isolado proteico é a
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proteina de reserva 8 S globulina, a qual representa 80% do total. A uma dose diaria
de 3.0 g, foi observado diminuicdo significativa na média do modelo de avaliacdo
homestéatica de resisténcia a insulina, do nivel médio de triacilgliceréis, e aumento
nos niveis de adiponectina sérica, quando em comparacdo com 0O grupo controle,
sugerindo que o GLUCODIA™ pode ser util na prevencao de resisténcia a insulina e
do acumulo de gordura visceral (KOHNO et al., 2017).

Além da possibilidade de peptideos obtidos do feijao de atuaram em
alvos terapéuticos da DM2 e hipertensdo, as quais as propriedades tem sido
extensivamente estudadas, ha também na literatura outras atividades biologicas
descritas para estas moléculas. Estudo de Amaral et al. (2017) apés isolar a proteina
vicilina do feijdo-mungo-verde, e submeté-la a hidrélise enzimatica in vitro com
pepsina e pancreatina simulando as condi¢des da digestdo gastrointestinal, concluiu
que as fracBes peptidicas de 10, 12, 14, 22 e 32 kDa foram responsaveis por
reducdes de 63,7%, 64,8%, 62,6%, 67% e 65,5%, respectivamente, de atividade da
enzima HMG-CoAr, a qual participa da via metabdlica que produz colesterol e € alvo
de farmacos como as estatinas, indicando possivel atividade anticolesterolémica.

A partir da fragcdo ndo digerivel de diferentes cultivares de feijao-
comum, Luna Vital et al.,, (2014) evidenciaram que apés simulacdo da digestéao
gastrointestinal com pepsina e pancreatina do isolado proteico obtido, as sequéncias
peptidicas formadas (GLTSK, LSGNK, GEGSGA, MPACGSS e MTEEY)
representaram 70% do total de proteinas, sendo que estas contribuiram para o efeito
antiproliferativo de células de céancer colorretal, por meio da modificacdo de
moléculas envolvidas no ciclo de aprisionamento ou apoptose celular.

Estudo dos peptideos bioativos obtidos a partir do feijdo-comum,
pela hidrolise proteica enzimatica com Alcalase, realizado por Ariza-Ortega et al.
(2014), identificou que a fracdo peptidica <1 kDa apresentou atividade antioxidante e
antimicrobiana ao inibir o crescimento de micro-organismos patdgenos como a
Shigella dysenteriae.

Oseguera-Toledo et al. (2011) concluiram que apoés hidrélise com
Alcalase e simulagdo da digestao gastrointestinal com pepsina e pancreatina do
isolado proteico de feijdo-comum, os peptideos formados inibiram a expressao das
enzimas ciclooxigenase-2, (COX2) e oxido nitrico sintase, e a producdo de
prostaglandinas E2, oxido nitrico, e a transativacdo de NF-kB, sendo estes,

importantes marcadores e mediadores envolvidos em processos inflamatorios.
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Portando, hidrolisados proteicos obtidos a partir do feijdo-comum podem auxiliar no

manejo de doencas associadas a processos inflamatdrios crénicos como o cancer.

3.3.1 Mecanismo de ac¢éo dos peptideos bioativos

3.3.1.1 Inibicdo de enzimas

De acordo com Mojica; Chen e Gonzalez de Mejia (2015) a
sequéncia peptidica e o tipo de aminoacido sdo determinantes no potencial de
interacdo entre os grupos funcionais dos peptideos bioativos, com os aminoacidos
presentes no sitio ativo das enzimas, os quais vado determinar a afinidade pelo
inibidor. As interacfes dependem da distancia e dos grupos funcionais presentes
nas cadeias laterais, portanto, para que ocorra a inibicdo competitiva dessas
enzimas, 0s compostos bioativos precisam se posicionar de maneira adequada para
interagir com 0s aminoacidos presentes no sitio catalitico. As principais interacdes
preditas a partir das sequéncias peptidicas encontradas sao ligacdes de hidrogénio,
interagOes polares e hidrofébicas.

Biologicamente, a angiotensina | é convertida em |l no sitio catalitico
da ECA, ocorrendo elevacéo da pressao sanguinea devido ao efeito vasoconstritor
da molécula formada. O sitio catalitico da ECA é formado por trés subunidades, nas
quais, a angiotensina | ir4 interagir por meio de trés aminoacidos hidrofébicos
presentes em sua regidao C-terminal, sendo eles, a prolina, histidina e fenilalanina.
Portanto, peptideos capazes de inibir a ECA mais potentemente, preferencialmente
possuem aminoacidos como tirosina, prolina, triptofano, fenilalanina e leucina em
sua extremidade C-terminal, havendo uma correlacdo positiva entre a
hidrofobicidade dos aminoacidos presentes na extremidade C-terminal e atividade
inibitéria da ECA. Aminoacidos carregados positivamente na regiao C-terminal, como
arginina e lisina também promovem atividade inibitéria da ECA. Aminoéacidos
aromaticos ou alcalinos na extremidade N-terminal de peptideos inibidores da ECA
podem aumentar a atividade inibitoria, como arginina, glicina, valina, alanina e
isoleucina. Em geral, os peptideos inibidores da ECA apresentam baixa massa
molecular (LI; YU, 2015).
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Em relacdo a DPP-1V, a interacdo de peptideos inibidores com o
sitio ativo da enzima ainda ndo esta totalmente compreendida. Em geral, bons
inibidores contém de 2 a sete amino&cidos, com prolina ou alanina na penultima
posicdo da extremidade N-terminal (POWER et al., 2014).

3.3.1.2 Atividade antioxidante

Vias antioxidantes podem se dar por meio da inativacado de oxigénio
ativo, neutralizacédo de radicais livres, quelacdo de ions metdlicos e da reducdo da
formacdo de peroxido de hidrogénio. Peptideos bioativos com aminoacidos
hidrofébicos possuem alta correlacdo com atividade antioxidante, quanto mais
aminoécidos hidrofébicos e arométicos, maior a atividade antioxidante, devido ao
fato de que estes tendem a se combinar primeiro com os radicais livres (LI; YU,
2015).

3.4 ESTUDOS IN SILICO

A producéo industrial de peptideos bioativos ainda é limitada, devido
a falta de tecnologias adequadas para processos como a hidrélise de proteinas,
separacédo e purificacdo. Embora na Ultima década a producao de peptideos tenha
sido explorada extensivamente em termos de fontes de proteinas de origem animais,
especialmente do leite, atualmente a obtencdo de peptideos de fontes vegetais se
tornou interessante devido ao seu custo inferior e a variedade de plantas disponiveis
(RIZZELLO et al., 2016).

Atualmente muitos dos estudos a respeito de peptideos bioativos
obtidos de fontes vegetais sdo realizados por meio de ensaios in vitro, constatando a
atividade dessas moléculas em marcadores biolégicos, como por exemplo as
enzimas. Estudos in vivo sdo mais escassos, sendo que ndo é comum que estes
tenham uma abordagem farmacologica, em termos de biodisponibilidade e interacéo

com outros componentes alimentares (LI; YU, 2015).
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Estudos in silico sdo simulacbes computacionais utilizadas para
caracterizar experimentos bioldgicos conduzidos inteiramente em um computador
por meio de softwares (MARSHALL, 2018). Bases de dados como a UniProt (The
UniProt Consortium, 2017), BIOPEP-UWM (MINKIEWICZ et al. 2008) e
PeptideRanker (MOONEY et al., 2012) sado gratuitas e tém sido muito utilizadas em
estudos cientificos para confirmar sequéncias e predizer a bioatividade de peptideos
(LUNA VITAL et al., 2014; MOJICA; GOZALEZ DE MEJIA, 2015; OSEGUERA-
TOLEDO; GONZALELZ DE MEJIA; AMAYA-LLANO, 2015; ROCHA et al., 2015; YU
et al., 2018).

A base de dados UniProt prové informacdes sobre a sequéncia
proteica das mais diversas proteinas, por meio da compilacdo de dados obtidos em
estudos cientificos. A partir da sequéncia proteica obtida, pode-se utilizar a base de
dados BIOPEP-UWM para avaliar o perfil de potencial atividade biologica e para
obter-se peptideos bioativos através da simulacdo de processos proteoliticos.
Posteriormente, os fragmentos peptidicos obtidos na base de dados BIOPEP,
podem ser avaliados na base de dados PeptideRanker, a qual realiza uma predicao
de classes de peptideos por meio de um rank que representa a probabilidade de que
0 peptideo sera bioativo.

Apesar de ndo avaliar com precisdo a estrutura tridimensional de
proteinas, este tipo de estudo oferece a vantagem de usar processos de digestao
proteica in silico, para uma triagem de proteinas e proteases, prevendo as melhores
combina¢cBes para obtencdo de peptideos bioativos a partir de matérias-primas
animais e vegetais, evitando desperdicios (UDENIGWE; FOGLIANO, 2017).

Diante da possibilidade de obtencdo de uma vasta quantidade de
peptideos com alta diversidade estrutural, a bioinformatica pode ser uma ferramenta
atil na selecdo de potenciais moléculas a exercerem atividade bioldgica in vivo de
acordo com o efeito desejado, facilitando a sele¢cao das melhores fontes proteicas e
de processos adequados, visando também a producdo de ingredientes e produtos

com atividade farmacologica.



26

REFERENCIAS

ADA-American Diabetes Association. 2017. Disponivel em:<
http://care.diabetesjournals.org/<. Acesso em: 22 dez. 2017.

ADA-American Diabetes Association. Classification and Diagnosis of Diabetes:
Standards of Medical Care in Diabetes. 2019. Disponivel em:<
https://care.diabetesjournals.org/content/42/Supplement 1/S13<. Acesso em: 19
sep. 2019.

AGYEI D.; ONGKUDON, C. M.; WEI, C. Y.; CHAN, A. L.; DANQUAH, M. K.
Bioprocess challenges to the isolation and purification of bioactive peptides. Food
and Bioproducts Processing, v. 98, p. 244-256, 2016.

AMARAL, A. L.; FERREIRA, E. S.; SILVA, M. A.; NEVES, V. A.; DEMONTE, A. "The
vicilin protein (Vigna radiata L.) of mung bean as a functional food: evidence of "in
vitro" hypocholesterolemic activity”, Nutrition & Food Science, v. 47, n. 6, p. 907-
916, 2017.

AMERICAN HEART ASSOCIATION. 2019. Disponivel em: <
https://www.heart.org/en/health-topics/high-blood-pressure>. Acesso em: 16 set.
20109.

ARIZA-ORTEGA, T. J.; ZENON-BRIONES, E. Y.; CASTREJON-FLORES, J. L.;
YANEZ-FERNANDEZ, J. GOMEZ-GOMEZ Y. M.; OLIVER-SALVADOR, M. C.
Angiotensin-I-converting enzyme inhibitory, antimicrobial, and antioxidant effect of
bioactive peptides obtained from different varieties of common beans (Phaseolus
vulgaris L.) with in vivo antihypertensive activity in spontaneously hypertensive rats.
European Food Research and Technology, v. 239, n. 5, p. 785-794, 2014.

ASTLEY, S.; FINGLAS, P. Reference Module in Food Science. Nutrition and
Health, p. 1-6, 2016.

AWIKA, J. M.; DUODU, K.G. Bioactive polyphenols and peptides in cowpea (Vigna
unguiculata) and their health promoting properties: A review. Journal of Functional
Foods, v. 38, p. 686-697, 2017.

BELL, L. W.; BENNETT, R. G.; RYAN, M. H.; CLARKE, H. The potential of
herbaceous native Australian legumes as grain crops: a review. Renewable
Agriculture and Food Systems, v. 26, n. 1, p. 72-91, 2011.

BRASIL. ANVISA-Agéncia nacional de vigilancia sanitaria. SAUDE E ECONOMIA |
DISLIPIDEMIA. Ano I, ed. n. 6, 2011. Disponivel em:<
http://portal.anvisa.gov.br/documents/33884/412160/Saude e Economia_Dislipidemi
a _Edicao n 6 de outubro 2011.pdf/a26¢1302-a177-4801-8220-1234a4b91260>.
Acesso em: 15 jan. 2019.

BRASIL. CONAB-Companhia Nacional de Abastecimento. ACOMPANHAMENTO
DA SAFRA BRASILEIRA: graos. Brasilia, v.6 — safra 2018/19, n. 4 — Quarto


https://care.diabetesjournals.org/content/42/Supplement_1/S13
https://www.heart.org/en/health-topics/high-blood-pressure
http://portal.anvisa.gov.br/documents/33884/412160/Saude_e_Economia_Dislipidemia_Edicao_n_6_de_outubro_2011.pdf/a26c1302-a177-4801-8220-1234a4b91260
http://portal.anvisa.gov.br/documents/33884/412160/Saude_e_Economia_Dislipidemia_Edicao_n_6_de_outubro_2011.pdf/a26c1302-a177-4801-8220-1234a4b91260

27

levantamento, p.1-126, jan. 2019. Disponivel em: < https://www.conab.gov.br/info-
agro/safras/graos>. Acesso: 15 jan. 2019.

BRASIL. Ministério da saude. Diretrizes para o cuidado das pessoas com
doencas crbnicas nas redes de atencdo a saude e nas linhas de cuidado
prioritarias. Brasilia-DF, 2013. Disponivel em:
<http://bvsms.saude.gov.br/bvs/publicacoes/diretrizes%20 cuidado_pessoas%20_do
encas_cronicas.pdf>. Acesso em: 15 jan. 20109.

BRASIL. Ministério da saude. Vigilancia de Doencas Cronicas Nao
Transmissiveis (DCNT), 2019. Disponivel em: <http:/portalms.saude.gov.brivigilancia-em-
saude/vigilancia-de-doencas-cronicas-nao-transmissiveis-dent>. Acesso em: 15 jan. 2019.

BRASIL. SEAB-Secretaria de Estado da Agricultura e do Abastecimento,
Departamento de Economia Rural - DERAL. Feijdo — Analise da Conjuntura
Agropecuaria, dez. 2016. Disponivel em:<
http:/Awww.agricultura.pr.gov.br/arquivos/File/deral/Prognosticos/2018/ feijao 2017 18.pdf>.
Acesso em: 22 dez. 2017.

BRASIL. Secretaria de Saude do Tocantins. Vigilancia em Saude: Doencas
Crbnicas Nao Transmissiveis, 2017. Disponivel em:<
https://saude.to.gov.br/vigilancia-em-saude/doencas-transmissiveis-e-nao-
transmissiveis-/dant/doencas-cronicas-nao-transmissiveis/>. Acesso em: 16 jan.
2018.

CDC-Centers for Disease Control and Prevention. Health, United States, 2016: With
Chartbook on Lond-Term Trends in Health, may. 2017. Disponivel em:
<https://www.cdc.gov/nchs/data/hus/hus16.pdf> Acesso em: 22 dez. 2017.

CDC-Centers for Disease Control and Prevention. National Diabetes Satistis
Report, 2017: Estimates of Diabetes and Its Burden in the United States, 2017.
Disponivel em:< https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-
statistics-report.pdf> Acesso em: 22 dez. 2017.

CHEN, J.; RADISKY, E. S.; FEREC, C. Handbook of Proteolytic Enzymes: 576 —
Human Trypsins. ACADEMIC PRESS, v. 3, p. 2600-2609, 2013.

DURAK, A.; BARANIAK, B.; JAKUBCZYK, A.; SWIECA, M. Biologically active
peptides obtained by enzymatic hydrolysis of Adzuki bean seeds. Food Chemistry,
v. 141, p. 2177-2183, 2013.

FOTSO, M.; AZANZA, J.; PASQUET, R.; RAYMOND, J. Molecular heterogeneity of
Cowpea (Vigna unguiculata Fabaceae) seed storage proteins. Plant Systematics
and Evolution, v. 191, p. 39-56, 1994.

GOMES, V. M.; CUNHA, M. MIGUENS, F. C.; FERNANDES, K. V. S.; ROSE, T. L.
XAVIER-FILHO, J. Ultrastructure and immunolabelling of fungi cells treated with


https://www.conab.gov.br/info-agro/safras/graos
https://www.conab.gov.br/info-agro/safras/graos
http://bvsms.saude.gov.br/bvs/publicacoes/diretrizes%20_cuidado_pessoas%20_doencas_cronicas.pdf
http://bvsms.saude.gov.br/bvs/publicacoes/diretrizes%20_cuidado_pessoas%20_doencas_cronicas.pdf
http://portalms.saude.gov.br/vigilancia-em-saude/vigilancia-de-doencas-cronicas-nao-transmissiveis-dcnt
http://portalms.saude.gov.br/vigilancia-em-saude/vigilancia-de-doencas-cronicas-nao-transmissiveis-dcnt
https://saude.to.gov.br/vigilancia-em-saude/doencas-transmissiveis-e-nao-transmissiveis-/dant/doencas-cronicas-nao-transmissiveis/
https://saude.to.gov.br/vigilancia-em-saude/doencas-transmissiveis-e-nao-transmissiveis-/dant/doencas-cronicas-nao-transmissiveis/
https://www.sciencedirect.com/science/book/9780123822192
https://www.sciencedirect.com/science/book/9780123822192

28

Vigna unguiculata vicilins (7S storage proteins). Plant Science, v. 138, p. 81-89,
1998.

GUARESCHI, R. F.; ARAUJO, M. J. C.; GAZOLLA, P. R,, ROCHA, A.C.
PRODUTIVIDADE DE FEIJAO AZUKI EM FUNCAO DE DOSES DE POTASSIO EM
COBERTURA. Global Science and Technology, v. 02, n. 02, p.67 - 72, 2009.

GUPTA, P.; SINGH, R.; MALHOTRA, S.; BOORA, K. S.; SINGAL, H. R.
Characterization of seed storage proteins in high protein genotypes of cowpea [Vigna
unguiculata (L.) Walp.]. Physiology and Molecular Biology of Plants, v. 16, n.1,
p.53-58, 2010.

KHANSARI, N.; SHAKIBA, Y. & MAHMOUDI, M. Chronic Inflammation and Oxidative
Stress as a Major Cause of Age-Related Diseases and Cancer. Recent Patents on
Inflammation & Allergy Drug Discovery, v. 3, p. 73-80, 2009.

KOHNO, M.; SUGANO, H.; SHIGIHARA, Y.; SHIRAISHI, Y.; MOTOYAMA, T.
Improvement of glucose and lipid metabolism via mung bean protein consumption:
clinical trials of GLUCODIA™ isolated mung bean protein in the USA and Canada.
Journal of Nutritional Science, v.7, n.2, p.1-11, 2017.

LI, G.; SHI, Y.; LIU, H.; LE, G. Antihypertensive effect of alcalase generated mung
bean protein hydrolysates in spontaneously hypertensive rats. European Food
Research and Technology, v. 222, p. 733-736, 2006.

LI, G.; WAN, J.; LE, G.; SHI, Y. Novel angiotensin I-converting enzyme inhibitory
peptides isolated from Alcalase hydrolysate of mung bean protein. Journal of
Peptide Science, v. 12, p. 509-514, 2006.

LI, Y.; YU, J. Research Progress in Structure-Activity Relationship of Bioactive
Peptide. Journal of Medicinal Food, v. 18, n. 2, p. 147-156, 2015.

LI, W.; SHU, C.; YAN, S.; SHEN, Q. Characteristics of sixteen mung bean cultivars
and their protein isolates. International Journal of Food Science and Technology,
v. 45, p. 1205-1211, 2010.

LIMA, V. L. A. G.; MELO, E. A.; MACIEL, M. |. S.; SILVA, G. S. B.; LIMA, D. E. S.
Total phenolics and antioxidant activity of the aqueous extract of mung bean sprout
(Vigna radiata L.). Revista de Nutri¢éo, v. 17, n. 1, p. 53-57, 2004.

LUNA VITAL, D.A.; GONZALEZ DE MEJIA, E.; DIA, V. P.; LOARCA-PINA, G.
Peptides in common bean fractions inhibit human colorectal cancer cells. Food
Chemistry, v. 157, p. 347-355, 2014.

MARSHALL, T. Differences between in vitro, in vivo, and in silico studies. The
Marshall Protocol Knowledge Base, 2018. Disponivel em: >



29

https://mpkb.org/home/patients/assessing literature/in vitro studies <. Acesso em:
08/03/19.

MENDOZA, E. M. T.; ADACHI, M.; BERNARDO, A. E.; UTSUMI, S. Mungbean
[Vigna radiata (L.) Wilczek] Globulins: Purification and Characterization. Journal of
Agricultural and Food Chemistry, v. 49, p. 1552-1558, 2001

MENG, G.-T.; MA, C.-Y. Thermal properties of Phaseolus angularis (red bean)
globulin. Food Chemistry, v. 73, p. 453-460, 2001.

MINKIEWICZ P., DZIUBA J., IWANIAK A., DZIUBA M., DAREWICZ M., BIOPEP
database and other programs for processing bioactive peptide sequences. Journal
of AOAC International, v. 91, p. 965-980, 2008.

MOJICA, L.; CHEN, K; GONZALEZ DE MEJIA, E. Impact of Commercial Precooking
of Common Bean (Phaseolus vulgaris) on the Generation of Peptides, After Pepsin-
Pancreatin Hydrolysis, Capable to Inhibit Dipeptyl Peptidase-IV. Jornal of Food
Science, v. 80, n. 1. 2015.

MOJICA, L.; LUNA-VITAL, D. A.; GONZALEZ DE MEJIA, E. Characterization of
peptides from common bean protein isolates and their potential to inhibit markers of
type-2 diabetes, hypertension and oxidative stress. Journal of the Science of Food
and Agriculture, v. 97, p. 2401-2410, 2017.

MOJICA, L.; GONZALEZ DE MEJIA, E. Characterization and Comparison of Protein
and Peptide Profiles and their Biological Activities of Improved Common Bean
Cultivars (Phaseolus vulgaris L.) from Mexico and Brazil. Plant Foods for Human
Nutrition, v. 70, n. 2, p. 105-112, 2015.

OSEGUERA-TOLEDO, M. E.; GONZALEZ DE MEJIA, E.; DIA, V. P.; AMAYA-
LLANO, S. L. Common bean (Phaseolus vulgaris L.) hydrolysates inhibit
inflammation in LPS-induced macrophages through suppression of NF-kB pathways.
Food Chemistry, v. 127, p. 1175-1185, 2011.

OSEGUERA-TOLEDO, M. E.; GONZALEZ DE MEJIA, E.; AMAYA-LLANO, S. L.
Hard-to-cook bean (Phaseolus vulgaris L.) proteins hydrolyzed by alcalase and
bromelain produced bioactive peptide fractions that inhibit targets of type-2 diabetes
and oxidative stress. Food Research International, v. 76, n. 3, p. 839-851, 2015.

OSEGUERA-TOLEDO, M. E.; GONZALEZ DE MEJIA, E.; REYNOSO-CAMACHO,
R. R.; CARDADOR-MARTINEZ, A.; AMAYA-LLANO, S. L. Proteins and bioative
peptides: mechanisms of action on diabetes management. Nutrafoods, v. 13, p.
147-157, 2014.

PERAZZINI, R.; LEONARDI, D.; RUGGERI, S.; ALESINANI, D.; ARCANGELO, G;;
CANINI, A. Characterization of Phaseolus vulgaris L. Landraces Cultivated in Central
Italy. Plant Foods for Human Nutrition, v. 62, p. 211-218, 2008.


https://mpkb.org/home/patients/assessing_literature/in_vitro_studies

30

POWER, A.; NONGONIERMA, A. B.; JAKEMAN, P.; FITZGERALD, R. J. Food
protein hydrolysates as a source of dipeptidyl peptidase 1V inhibitory peptides for the
management of type 2 diabetes. Proceedings of the Nutrition Society, v. 73, p. 34-
46, 2014.

PRASAD, B. M.; HOLLINS, B.; LAMBERT, N. A.: Constitutive Activity in Receptors
and Other Proteins, Part A: 10 - Methods to Detect Cell Surface Expression and
Constitutive Activity of GPR6. Methods in Enzymology, v. 484, p. 179-195, 2010.

RIZZELO, C. G.; TAGLIAZUCCHI, D.; BABINI, E.; RUTELLA, G. S.; SAA,D.L. T,
GIANOTTI, A. Bioactive peptides from vegetable food matrices:Research trends and
novel biotechnologies for

synthesis and recovery. Journal of Functional Foods, v. 27, p. 546-569, 2016.

ROCHA, T. S.; HERNANDEZ, L. M. R.; CHANG, Y. K.; GONZALEZ DE MEJIA, E.
Impact of germination and enzymatic hydrolysis of cowpea bean (Vigna unguiculate)
on the generation of peptides capable of inhibiting dipeptidyl peptidase 1V. Food
Research International, v.64, p.799-809, 2014.

ROCHA, T. S.; HERNANDEZ, L. M. R.; MOJICA, L.; JOHNSON, M. H.; CHANG, Y.
K.; GONZALEZ DE MEJIA, E. Germination of Phaseolus vulgaris and alcalase
hydrolysis of its proteins produced bioactive petides capable of improving markers
related to type-2diabetes in vitro. Food Research International, v. 76, n. 1, p. 150-
159, 2015.

ROMERO, J.; SUN, S. M.; MCLEESTER, R. C.; BLISS, F. A,; HALL, T. C. Heritable
variation in a polypeptide subunit of the major storage protein of the major storage
protein of the bean, Phaseolus vulgaris L. Plant Physiology, v. 56, p. 776-779,
1975.

SATO, S.; MUKAI Y.; KATAOKA, S.; KURASAKI, M. Azuki bean (Vigna angularis)
extract stimulates the phosphorylation of AMP-activated protein kinase in HepG2
cells and diabetic rat liver. Journal of the Science of Food and Agriculture, v. 96,
p. 2312-2318, 2016.

SEGURA-CAMPOS, M. R.; CHEL-GUERRERO, L. A.; BETANCUR-ANCONA, D. A.
Purification of angiotensin I-converting enzyme inhibitory peptides from a cowpea
(Vigna unguiculata) enzymatic hydrolysate. Process Biochemistry, v. 46, p. 864-
872, 2011.

SBC-SOCIEDADE BRASILEIRA DE CARDIOLOGIA. 72 DIRETRIZ BRASILEIRA DE
HIPERTENSAO ARTERIAL, v. 107, n. 3, supl. 3, set. 2016. Disponivel em:
<http://publicacoes.cardiol.br/2014/diretrizes/2016/05 HIPERTENSAO ARTERIAL.p
df > Acesso em: 22 dez. 2017.



https://www.sciencedirect.com/science/journal/00766879
https://www.sciencedirect.com/science/journal/00766879/484/supp/C

31

SBD-SOCIEDADE BRASILEIRA DE DIABETES. 2017. Disponivel em:<
https://www.diabetes.org.br/publico/diabetes/oque-e-diabetes> Acesso em: 22 dez.
2017.

SMITH, M. E.; MORTON, D G. The Digestive System: 3 THE STMACH: BASIC
FUNCTIONS. Churchill Livingstone, p. 39-50, 2th, 2010.

THE UNIPROT CONSORTIUM. UniProt: the universal protein
knowledgebase. Nucleic Acids Res. 45: D158-D169, 2017. Disponivel em:
<https://www.uniprot.org/>

UDENIGWE, C. C.; FOGLIANO, V. Food matrix interaction and bioavailability of
bioactive peptides: Two faces of the same coin? Journal of Functional Foods, v.
35, p.9-12, 2017.

YAO, Y.; CHENG, X.; REN, G. a-Glucosidase inhibitory activity of protein=rich
extracts from extruded adzuki bean in diabetic KK-AY mice. Food & Functional, v. 5,
p. 966-971, 2014.

YOUSIF, A. M.; DEETH, H. C.; CAFFIN, N. A. Effect of Storage Time and Conditions
on the Hardness and Cooking Quality of Adzuki (Vigna angularis). LWT — Food
Science and Technology, v. 35, p. 338-343, 2002.

YU Z.; WU, S.; ZHAO, W.; DING, L.; SHIUAN, D.; CHEN, F.; LI, J. LIU, J.
Identification and the molecular mechanism of a novel myosin-derived ACE inhibitory
peptide. Food & Function, v. 9, i. 1, p.364-370, 2018. DOI: 10.1039/C7FO01558E


https://www.sciencedirect.com/book/9780702033674
https://www.sciencedirect.com/book/9780702033674
http://dx.doi.org/doi:10.1093/nar/gkw1099

32

4. MATERIAL E METODOS

O item 4 foi contemplado com o desenvolvimento de um artigo
cientifico abaixo relacionado que sera apresentado no item 5 RESULTADOS E
DISCUSSAO.

ARTIGO CIENTIFICO: BIOACTIVE PEPTIDES FROM BEANS WITH THE
POTENTIAL TO DECREASE THE RISK OF DEVELOPING
NONCOMMUNICABLE CHRONIC DISEASES.
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Abstract: Type 2 diabetes mellitus (T2D) and hypertension are highly associated
diseases and are among the most important noncommunicable chronic diseases
(NCDs) currently. The treatment of these diseases is based on medications and
changes in lifestyle, however, it does not always lead to a cure. Currently, several
studies demonstrated that peptides obtained from proteins of different bean species
have the potential to act on therapeutic targets of NCDs. Because of the possibility of
obtaining peptides with high structural diversity from the hydrolysis of proteins
present in foods, bioinformatics may be a simple and inexpensive tool for selecting
suitable protein sources and candidate peptides to exert biological activity in vivo.
Therefore, the objective of this study was to identify in silico, the possibility of
obtaining peptides with potential biological activity from the globulin storage proteins
of the bean species Phaseolus vulgaris (L.), Vigna angularis (Willd.), Vigna radiata
(L.) and Vigna unguiculata (L.) Walp., using the UniProt, BIOPEP and PeptideRanker
databases, as well as reviewing available researches that evidenced through in vitro
assays bioactive properties of peptides obtained from beans. For all the studied
species, the highest frequency of bioactive fragments occurrence was found for the
dipeptidyl peptidase-IV inhibition, followed by angiotensin-converting enzyme
inhibition and antioxidant activity. Both enzymes are therapeutic targets of drugs
used for T2D and hypertension treatment, respectively. These results suggest that
the daily consumption of this legume may be considered a strategy to reduce the risk
of developing T2D and hypertension, besides the possibility of obtaining functional
products from these protein sources.
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Introduction

According to the World Health Organization (WHO, 2018), an
estimated 41 million deaths occurred due to noncommunicable chronic diseases
(NCDs) in 2016, accounting for 71% of the Mundial total of 57 million deaths.
Cardiovascular disease, cancer, chronic respiratory disease, and diabetes are the
four main diseases with the majority of deaths, accounting for 17.9 million (44%), 9.0
million (22%), 3.8 million (9%) and 1.6 million (4%) of deaths, respectively.

Generally, the NCDs are related to multiples causes, and they are
characterized by gradual initiation, with an uncertain prognosis, and with a long or
indefinite duration. Their clinic development oscillates over time, and there may be
periods of exacerbation that generate disabilities. These diseases require
interventions with the use of medications, associated with changes in lifestyle, in a
process of continuous care that does not always lead to a cure (Brazil, Health
Ministry, 2013).

Diabetes and hypertension are highly associated and they are
considered global public health problems due to their high incidence. According to
the International Diabetes Federation (IDF, 2017), there are 425 million people with
diabetes in the world. Gestational diabetes, type 1 diabetes and type 2 diabetes
(T2D) are the three main types of this disease. The last one is responsible for about
90% of all cases. In relation to hypertension, the incidence is even higher, reaching
1.13 billion in 2015 (NCD Risk Factor Collaboration [NCD-RisC], 2017).

Diabetes can lead to cardiovascular diseases, amputation, kidney
failure, and blindness, this happens because of the persistently high blood glucose
levels which cause generalized vascular damage, affecting the heart, nerves, kidney,
and eyes (IDF, 2017). Hypertension is also an important risk factor for
cardiovascular diseases and chronic kidney disease (NCD-RisC, 2017).

Some vegetal and animal compounds may have a positive influence

on human health, acting in specific tissues or cells, and therefore they are
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denominated bioactive compounds (Astley & Finglas, 2016). Among them, there are
the bioactive peptides, which are sequences of approximately 2-20 amino acids (Li &
Yu, 2015).

Due to the possibility of obtaining bioactive peptides from the
hydrolysis of the bean’s storage proteins, this legume is the aim of several
researches currently. It was demonstrated that in vitro enzymatic hydrolysis by
Alcalase® and/or by the simulation of gastrointestinal digestion with pepsin and
pancreatin of the bean’s protein from species such as Phaseolus vulgaris (L.)
(common bean), Vigna angularis (Willd.) (adzuki bean), Vigna radiata (L.) (mung
bean), and Vigna unguiculata (L.) Walp. (cowpea), generated bioactive peptides with
antioxidant potential and inhibition activity of dipeptidyl peptidase-IV enzyme (DPP-
IV), which is a molecular target in the treatment of T2D (Mojica & Gonzalez de Mejia,
2015; Rocha, Hernandez, Chang & Gonzalez de Mejia, 2014; Rocha et al., 2015), to
inhibit the angiotensin-converting enzyme (ACE), which is a molecular target of
antihypertensive medications (Li, Wan, Le & Shi 2006; Mojica & Gonzalez de Mejia,
2015) and to decrease inflammatory markers and mediators (Oseguera-Toledo,
Gonzalez de Mejia, Dia and Amaya-Llano, 2011).

Despite the existence of well-established protocols for T2D treatment
and hypertension, there is a search for alternatives that reduce the adverse effects
caused by medications and that aid in the treatment. Therefore, it is of interest the
development of ingredients and food products that contain bioactive molecules with
potential action in the therapeutic targets of these diseases, and that can be inserted
in the diet of individuals in the developmental stage.

However, the industrial production of bioactive peptides is still
incipient, due to the difficulty in selecting suitable molecules and the lack of
technologies for processes such as proteins hydrolysis, separation, and purification,
besides the lack of studies that characterize the bioavailability of these molecules
(Rizzello et al., 2016).

Currently, many of the studies about bioactive peptides are
performed by in vitro assays, evidencing the activity of these molecules in biological
markers, such as enzymes. In vivo studies are more scarce, and it is not common for
these to have a pharmacological approach in terms of bioavailability and interaction
with other food components (Li & Yu, 2015).

In silico studies are computational simulations used to characterize
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biological experiments conducted entirely on a computer through softwares
(Marshall, 2018). Given the possibility of obtaining peptides with high structural
diversity from the hydrolysis of proteins present in foods, bioinformatics can be a
useful tool in the selection of molecules with the potential to exert biological activity
according to the desired effect, facilitating the selection of adequate protein sources,
and supporting the selection of peptides for realize in vivo studies that could be good
candidates for industrial production.

Nowadays, databases such as UniProt (The UniProt Consortium,
2017), BIOPEP-BWM (Minkiewicz, Dziuba, Iwaniak, Dziuba & Darewicz, 2008) and
PeptideRanker (Mooney, Haslam, Pollastri & Shields, 2012) have been used by
studies to confirm sequences and to predict peptide bioactivity (Luna Vital, Gonzalez
de Mejia, Dia & Loarca-Pifia, 2014; Mojica & Gonzalez de Mejia, 2015; Oseguera-
Toledo, Gonzalez de Mejia, Amaya-Llano, 2015; Rocha et al., 2015; Yu et al., 2018).
Thus, the aim of this study was to realize a scientific prediction by identifying in silico,
peptides with potential bioactivity of the bean’s storage proteins, specifically the
globulins, from the species Phaseolus vulgaris (L.) (common bean), Vigha
angularis (Willd.) (adzuki bean), Vigna radiata (L.) (mung bean), and Vigna
unguiculata (L.) Walp. (cowpea) using the databases UniProt (The UniProt
Consortium, 2017), BIOPEP-BWM (Minkiewicz et al., 2008) and PeptideRanker
(Mooney et al., 2012). Another objective was to review the available research
demonstrating that the proteins and peptides from the bean species studied have
bioactive properties with the potential to decrease the risk of developing NCDs.

Beans

According to the Food And Agriculture Organization of the United
Nations (FAO, 2019), the production of dry beans in 2017 was bigger than 31 million
tonnes. Brazil was the third major producer, with approximately 3 million tonnes.
Similar to other legumes, beans accumulate a large amount of protein in their seeds,
the most part of them are storage proteins, which receive this name because they
are mobilized from specialized subcellular compartments to provide nutrients for the
growth of a new plant during the germination process (Argos, Narayana & Nielsen,
1985).
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The seed storage proteins can be classified into fractions according
to their solubility. Most of them are globulins, which are soluble in neutral saline
solutions, but there are also the albumins which are soluble in water, the glutelins
which are soluble in alkaline or acids diluted solutions, and the prolamins which are
soluble in alcohol (Osborne, 1912).

According to Osborne’s criteria based on the solubility and
coagulation properties, Danielsson (1949) used ammonium sulphate at three
different degrees of saturation (15, 40 and 70%) and dialysis to precipitate the
globulins present in the sodium chloride extract of ground seeds of different legumes,
including the bean species Phaseolus vulgaris (L.), to isolate two globulin major
fractions, the legumin (doesn’t coagulate on heating at 100 °C) and vicilin
(coagulates on heating at 95-100 °C and is soluble in salt solutions more dilute than
legumin). It was found that vicilin and legumin occur in the seeds of practically all the
studied species, and they have sedimentation constant in Svedberg units varying
from 6.77 to 8.69 S for vicilin and 10.10 to 13.67 S for legumin.

Originated in Central América, the common bean (Phaseolus vulgaris
(L.)) is among the main edible legume (BRAZIL. State Secretariat of Agriculture and
Food Supply [SEAB], 2016). According to a study by Perazzini et al. (2008) that
evaluated 8 common bean cultivars, the total protein content varied from 21.8 to
29.2%, and after fractionation and extraction of the storage proteins according to
their solubility, the globulins corresponded for 33.1 to 45.1%, representing the
majority of the total protein content. The glutelins varied from 12.8 to 41.2%, and the
albumins varied from 14.8 to 20.8%, while the prolamins obtained values above 1.0%
only in three of the studied cultivars.

Mojica & Gonzalez de Mejia (2015) evaluated 15 different cultivars of
common bean from México and Brazil, and the phaseolin (vicilin 7 S globulin) from
the globulin fraction, represent 30.2 to 53.5% of the total protein content. On the
other hand, Muhling, Gilroy & Croy (1997) partially purified another globulin protein
from Phaseolus vulgaris (L.), the legumin (11 S globulin), which accounted for 3% of
the total content of protein in the seeds.

The bean species of the genus Vigna are cultivated in several
regions of the world, among them, stand out the Vignha unguiculata (L.) (cowpea),
Vigna radiata (L.) (mung bean) and Vigna angularis (Willd.) (adzuki bean) (Bell,
Bennett, Ryan & Clarke, 2010).
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The cowpea is cultivated in Asia, Africa, and South América, and it is
a legume with high importance in the tropical and subtropical regions of the world
(BRAZIL. SEAB, 2016). According to Awika & Duodu (2016), the total protein content
of the cowpea varies from 22 to 30%, the majority are storage proteins. Gupta,
Singh, Malhotra, Boora & Singal (2010) evaluated 21 genotypes of cowpea and the
total protein content varied from 22.4 to 27.9%, among them, 7 genotypes with the
major protein content were selected, in which the globulins represent the major
fraction of the total protein content, accounting for 55.6 to 58.8%, followed by the
glutelins (14.4 to 15.6%), the albumins (8.2 to 11.9%) and the prolamins (2.3 to
5.0%). Among the globulins, the cowpea is composed in minor quantity by the
legumin (11 S globulin), and in major quantity by the vicilin (7 S globulin) (Fotso,
Azanza, Pasquet & Raymond, 1994).

The adzuki bean is a species native from China, traditionally
consumed in the east of Asia, very popular in Japan, where it is consumed in the
form of grains and used as an essential ingredient in various preparations. In recent
years, this legume has also been consumed in European countries in the form of
grains and bean sprout. In Brazil, it is cultivated mainly by colonists of Japanese
origin (Guareschi, Araujo, Gazolla & Rocha, 2009; Sato, Mukai, Kataoka & Kurasaki,
2016). The adzuki bean has approximately 25% of proteins (Yousif, Deeth & Caffin,
2002). The globulin fraction of the adzuki bean is composed in majority by the
storage protein vicilin (7 S globulin), representing 78%, and in minority by the
legumin (11 S globulin), accounting for 12% (Meng & Ma, 2001).

The mung bean is native from the northeastern region of India and
Myanmar, both located in Asia. It is cultivated in Asia, Africa, South, and North
America and Australia, and has its essential amino acid profile comparable to that of
soybeans (Li, Shu, Yan & Shen, 2010). In Brazil, the recurrent use of bean sprouts
in cooking is associated with increased consumption of mung bean (Lima et al.,
2004). The mung bean content of protein varies from 17 to 26% (Mendoza, Adachi,
Bernardo & Utsumi, 2001), the globulins correspond for the major fraction,
accounting for 62%, followed by albumins (16.3%), the glutelins (13.3%) and the
prolamins (0.9%) (Amaral, Ferreira, Silva, Neves & Demonte, 2017). Among the
globulins, the vicilin (8 S globulin) corresponds to 89% of the total, while the legumin
(11 S globulin), and the basic 7 S globulin, correspond for 7.6% and 3.4%
respectively (Mendoza et al., 2001).
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The environmental conditions of the seed growth and maturation site,
the expression of genes that regulate the synthesis and accumulation of protein and
nonprotein fractions in the seed, and the genotype of the maternal plant are key

factors that influence the content of proteins in beans (Perazzini et al., 2008).

Type Two Diabetes Mellitus and Arterial Hypertension

In the patient with T2D, the body does not respond adequately to the
action of the insulin, therefore there is an elevation of the blood glucose level named
as hyperglycemia. The diagnostic criterion for this disease is fasting glucose 2126 mg
/dL. Because of this inefficient action of the insulin, the production of this hormone
increases as a response trying to reduce de glucose levels, but over time the
pancreas cannot produces enough insulin to maintain the blood glucose levels
normal (American Diabetes Association [ADA], 2017, 2019; IDF, 2017).

The DPP-IV is an enzyme that participates in the inactivation of the
incretins, which are hormones that stimulate the secretion of insulin. The main
incretins are the GLP-1 (glucagon-like peptide) and GIP (glucose-dependent
insulinotropic peptide), therefore the inhibition of the DPP-IV is a mechanism used for
controlling the T2D (Oseguera-Toledo, Gonzalez de Mejia, Reynoso-Camacho,
Cardador-Martinez & Amaya-Llano, 2014).

The arterial hypertension is a multifactorial condition characterized by
sustained elevation of the blood pressure levels >130 and/or 80 mmHg and may be
aggravated by glucose intolerance and diabetes (American Heart Association, 2019).
The inhibition of ACE is a therapeutic target in the treatment of hypertension, since it
catalyzes the conversion of the angiotensin | in Il, which is a potent vasoconstrictor,

leading to elevated blood pressure (Ariza-Ortega et al., 2014).

Bioactive Peptides

The bioactive peptides can be released by processes such as
fermentation by proteolytic microorganisms, especially to release peptides from dairy
products, hydrolysis by gastrointestinal enzymes and by enzymes obtained from

plants and microorganisms. After ingestion, the bioactive peptides can be absorbed
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in the intestine and perform activities in various metabolic pathways, such as the
pathways involved in glucose uptake and elevation of blood pressure (Agyei,
Ongkudon, Wei, Chan & Danquah, 2016).

Although peptide production has been extensively explored in the
last decade in terms of animal source of proteins, especially milk, plant-derived
peptides have now become interesting because of their lower cost and the variety of
plants available (Rizzello et al., 2016).

Some researches have evaluated and characterized bioactive
peptides from foods, demonstrating potential pharmacological activity, which opens
the possibility of obtaining therapeutically functional foods. The consumption of these
foods may have a positive impact on human health when combined with healthy
habits (Ariza-Ortega et al., 2014; Li, Yu, 2015).

Currently, most studies characterizing bioactive peptides are
performed by in vitro assays. Among the methods most used to obtain these
peptides, there is the simulation of gastrointestinal digestion. The most commonly
used proteases in this process are pepsin, pancreatin, and chymotrypsin.

Pepsin is an endopeptidase that degrades proteins into peptides,
which is responsible for less than 20% of the protein digestion in the gastrointestinal
tract, acting on the stomach (Smith & Morton, 2010). Pancreatin contains several
enzymatic components from the pancreas, including trypsin, which is a serine
endopeptidase which hydrolyzes peptide bonds after arginine or lysine residues
(Chen, Radisky & Férec, 2013). Besides trypsin, during the gastrointestinal digestion,
the pancreas also secrets chymotrypsin, an endoprotease, which cleaves proteins
with aromatic amino acid residues, acting on duodenum (Prasad, Hollins & Lambert,
2010).

Durak, Baraniak & Jakubczyk, (2013) evidenced that bioactive
peptides obtained from the protein fractions of the adzuki bean by in vitro enzymatic
hydrolysis through the simulation of gastrointestinal conditions with the enzymes a-
amylase, pepsin and pancreatin, demonstrated inhibitory activity of the ACE, and, in
the fraction composed by globulins, the ICso value was 1,03 mg/mL. The ICso is
defined as the inhibitor concentration required to inhibit 50% of enzyme activity,
therefore, the lower the value, more potent the inhibitor.

According to Mojica & Gonzalez de Mejia (2015), in addition to the
well-known nutritional properties of common bean, after hydrolysis of the protein
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isolate through the simulation of gastrointestinal digestion with a-amylase, pepsin
and pancreatin, of different cultivars from Brazil and Mexico, it was identified peptide
sequences with antioxidant bioactive potential and for inhibiting the ACE and DPP-IV
enzymes, which are therapeutic targets in the treatment of hypertension and T2D,
respectively.

The hydrolysis with commercial enzymes is another method widely
used to obtain peptides with potential biological activity from proteins present in
foods. According to study carried out by Segura-Campos, Chel-Guerrero & Betancur-
Ancona (2011) after hydrolysis of the proteins present in cowpea with Flavourzyme®
(fungal protease complex which catabolizes proteins by hydrolysis of peptide bonds),
the peptide fraction < 1 kDa obtained the highest activity in the in vitro assay of
inhibition of ACE, with 1Cs0 = 0.04 pg/mL.

The use of bioactive peptides inhibitors of ACE derived from bean
may be an alternative to minimize adverse effects caused by synthetic drugs, such
as skin rash, proteinuria, and taste perception disorders (Ariza-Ortega et al., 2014).

A study conducted by Oseguera-Toledo et al. (2015) demonstrated
that the common bean protein hydrolysate obtained through the action of Alcalase®,
possessed bioactive peptides with potential to inhibit the enzymes DPP-IV and
increasing the insulin secretion by iNS-1E cells. Alcalase® is a commercial form of
subtilisin, obtained from Bacillus licheniformis. Subtilisins are serine proteases which
catalyze the hydrolysis of proteins with broad specificity for peptide bonds (Hera,
2007).

Li et al. (2006) isolated and sequenced three types of ACE inhibitory
peptides from the mung bean protein isolate hydrolyzed by Alcalase for 2 h: KDYRL,
VTPALR, KLPAGTLF, with I1Cs0 values of 26.5 uyM, 82.4 uyM and 13.4 uM
respectively.

Rocha et al. (2015) demonstrated that the enzymatic hydrolysis by
the action of Alcalase of the protein concentrate obtained from germinated common
bean flour, generate bioactive peptides with high antioxidant capacity, besides
identifying the peptide sequence RGPLVNPDPKPFL present in the phaseolin
protein, which has predicted potential for interacting with the active site of the DPP-IV
enzyme. These results indicate that the common bean has the potential to originate

ingredients for use in the control of T2D.
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Due to the potential of bioactive peptides obtained from beans for
inhibiting enzymes such as DPP-IV and ACE, involved in chronic diseases, bean
consumption as a dietary supplement may improve the quality of life of patients with
T2D and hypertension (Mojica, Luna-Vital & Gonzalez de Mejia, 2017).

Although they are performed in less quantity, there are also in the
literature in vivo studies to characterize bioactive peptides obtained from foods.
Ariza-Ortega et al. (2014) concluded that after protein hydrolysis with Alcalase from
common bean, the peptide fraction of 3 -10 kDa had ACE inhibitory activity in vitro
and antihypertensive activity in vivo at 4 mg/kg dose, by identifying the decrease in
systolic blood pressure in naturally hypertensive rats after two hours of
intraperitoneal administration.

The study of Li et al. (2006) concluded that enzymatic hydrolysis at
different times by the Alcalase of the mung bean protein isolate, generate peptides
with ACE inhibitory activity. The highest activity was detected after 2 h of hydrolysis,
ICs0 = 0,64 mg/mL. In addition, after the oral administration of this hydrolysate in
hypertensive rats at a dose of 600 mg/kg, there was a decrease in systolic blood
pressure after 2, 4, 6 and 8 of administration, the maximum decrease of 30,8 mmHg
was observed after 6 h (Li, Shi, Liu, Le, 2006).

Study of Yao, Cheng & Ren (2014) with diabetic rats fed for 42 days
with protein-rich extracts (86.04%) obtained from the adzuki bean extrusion,
concluded that blood glucose concentration after 30, 60, 90 and 120 min of oral
glucose administration was lower in diabetic rats that received the protein-rich extract
when compared to the control group, besides decreasing the serum triglyceride level,
the blood urea nitrogen level in 19.9%, which is an important marker of renal
dysfunction, and increasing the content of high-density lipoprotein cholesterol (HDL-
c). The results suggest that consumption of proteins obtained from the extrusion of
adzuki bean may aid in the modulation of T2D and its complications.

A double-blind, placebo-controlled clinical study of 22 subjects,
among them male and female, aged 21 to 55 years, in the United States and
Canada, evaluated the effect of consumption of commercial mung bean protein
isolate, consisting of 92% protein (GLUCODIA ™) on glucose and lipid metabolism.
The major component of the protein isolate is the 8 S storage protein globulin, which
accounts for 80% of the total. At a daily dose of 3.0 g, there was a significant

decrease in the mean homostatic insulin resistance assessment model, the mean
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triacylglycerol level, and an increase in serum adiponectin levels, when compared
with the control group, suggesting that GLUCODIA may be useful in preventing
insulin resistance and visceral fat accumulation (Kohno et al., 2017).

Besides the possibility of peptides obtained from bean act in
therapeutic targets of DM2 and hypertension, which properties have been extensively
studied, there are also in the literature other biological activities described for these
molecules. Study of Amaral et al. (2017) concluded that after isolating the vicilin
protein from mung bean and subjecting it to in vitro enzymatic hydrolysis with pepsin
and pancreatin, simulating gastrointestinal digestion conditions, the peptide fractions
of 10, 12, 14, 22 and 32 kDa were responsible for reductions of 63.7%, 64.8%,
62.6%, 67% and 65.5%, respectively of the 3-hydroxy-3-methyl-glutaryl-CoA
reductase (HMG-CoAr) enzyme activity. This enzyme participates in the metabolic
pathway that produces cholesterol and it is a molecular target of drugs such as
statins, indicating possible anticholesterolemic activity. Together with hypertension,
hypercholesterolemia is also a risk factor for the development of cardiovascular
diseases (SBC, 2017).

From the non-digestible fraction of different common bean cultivars,
Luna Vital et al. (2014) evidenced that after simulation of gastrointestinal digestion
with pepsin and pancreatin of the protein isolate obtained, the peptide sequences
formed (GLTSK, LSGNK, GEGSGA, MPACGSS, and MTEEY) represented 70% of
the total proteins, which contributed to the antiproliferative effect of colorectal cancer
cells by modifying the molecules involved in the cycle of cell trapping or apoptosis.

A study by Oseguera-Toledo et al. (2011) concluded that after
hydrolysis with Alcalase and simulation of gastrointestinal digestion with pepsin and
pancreatin of the common bean protein isolate, the peptides formed inhibited the
expression of cyclooxygenase-2 (COX2) and nitric oxide synthase enzymes, the
production of prostaglandins E2 and the NF-kB transactivation. These are important
markers and mediators involved in inflammatory processes, therefore, protein
hydrolysates obtained from common bean may help in the management of diseases
associated with chronic inflammatory processes such as T2D and cancer.

A study of the bioactive peptides obtained from common bean by
enzymatic protein hydrolysis with Alcalase performed by Ariza-Ortega et al. (2014)

identified that the peptide fraction <1 kDa presented antioxidant activity and
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antimicrobial activity by inhibiting the growth of pathogenic microorganisms such as
Shigella dysenteriae.

It is important to highlight that for the peptides to carry out a
biological activity, they must reach their molecular target intact. Although
gastrointestinal enzymes are extremely important in releasing peptide sequences
with a potential biological activity, which were previously inactive in the core of the
source protein, during the digestion process the released peptides can also be
inactivated during further digestion by peptidases present on the brush border and on
the cytoplasm of the intestinal epithelial cells (Segura-Campos, Chel-Guerrero,
Betancur-Ancona & Hernandez-Escalante, 2011).

In the case of molecules formed by more than three amino acids,
they may be hydrolyzed in the extracellular space by enzymes present on the brush
border membrane of the intestinal epithelium, and the dipeptides and tripeptides are
preferably absorbed intact and then hydrolyzed. Some peptides may be resistant to
hydrolysis by gastrointestinal enzymes and arrive intact in greater amounts in the
bloodstream. This feature is related to amino acid composition, in which peptides
with proline and hydroxyproline residues, in general, are able to withstand
degradation by gastrointestinal enzymes (Segura-Campos et al., 2011).

For peptides to reach the bloodstream, they need to cross the
intestinal barrier, so the permeability of these molecules through the enterocytes
depends on their physicochemical properties, the composition of intestinal fluid,
characteristics of the gastrointestinal barrier and the transport mechanism (Segura-
Campos et al., 2011).

Two major mechanisms are responsible for the uptake of peptides in
the intestinal epithelium, the receptor-mediated and non-receptor mediated transport.
In receptor-mediated transport, hydrolize-resistant peptides are transported from the
intestinal lumen to the cells by a peptide transport system, such as PepT1, which
uses a transmembrane electrochemical proton gradient maintained by the Na+ /H+
exchanger which gets energy from Nat+ /K+-ATPase and then crosses the
basolateral cell membrane into the bloodstream (Segura-Campos et al., 2011).

Peptides can also be absorbed intact by paracellular and
transcellular transport. Paracellular transport is favorable for the absorption of small
hydrophilic solutes through passive diffusion since this is an aqueous pathway that

passes through the intracellular space between adjacent cells, which is restricted by
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tight junctions in the apical portion of the cells along the intestinal wall (Segura-
Campos et al., 2011).

On the other hand, the transcellular transport takes place in the
enterocytes by endocytosis through the apical membrane in the brushed border and
the movement of the peptides through the basolateral membrane, in which the
molecules pass by facilitated diffusion or active transport to the bloodstream (Segura-
Campos et al., 2011).

The peptide uptake capacity decreases with increasing chain size
and increases with increasing hydrophobicity. Once absorbed, the peptides may also
undergo inactivation by enzymes present in the blood and undergo liver extraction,
although the transport time is short and the enzyme capacity is lower than that
present in the gastrointestinal tract (Segura-Campos et al., 2011).

Therefore, further in vivo studies are important to begin
understanding how different factors may affect the bioavailability of these molecules

to be used as therapeutic agents.

Tools in Bioinformatics

The tools used in this study are simple to use and they are open
access. The UniProt database provides information on the protein sequence of the
most diverse proteins through the compilation of data obtained in scientific studies. It
is also possible to compare different protein sequences reported for the same protein
in this database.

From the protein sequence obtained trough the UniProt, the
BIOPEP-UWM database can be used to evaluate the profile of potential biological
activity and simulating the obtention of bioactive peptides trough proteolytic
processes. This database is designed to interlink three databases of protein
sequences, bioactive peptides, and proteolytic enzymes.

Posteriorly, the peptides fragments obtained trough the BIOPEP
database can be evaluated at the database PeptideRanker, to identify among a set
of peptides, those that are more likely to be bioactive, based on the impact of

extracellular status and amino acid composition of the fragments (Mooney et al.,
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2012).

Although not accurately assessing the three-dimensional structure of
proteins, bioinformatics studies offer the advantage of using in silico protein digestion
processes for protein and protease screening, providing the best combinations for
obtaining bioactive peptides from animal and plant raw materials, avoiding waste
(Udenigwe & Fogliano, 2017).

Bioactive Peptides Scientific Prediction From the Bean'’s Storage Proteins

Storage proteins amino acids sequence

The database UniProt was used to obtain the storage proteins amino
acids sequence of the bean species Phaseolus vulgaris (L.) (common bean), Vigna
angularis (Willd.) (adzuki bean), Vigna radiata (L.) (mung bean), and Vigna
unguiculata (L.) Walp. (cowpea). In the tool UniProtkKB

(https://www.uniprot.org/uniprot/), it was inserted the protein’s name and its

respective species and realize the search. Only the proteins classified as globulins
were included in this study because they are the majority of the storage proteins in
beans. In order to verify all the globulin proteins amino acid sequence present in the
database for each studied species, the search was performed according to the
names and synonyms of each protein and its respective species, as an example, “7
S globulin Vigna angularis” and “Vicilin Vigna angularis”.

According to the database classification, only sequences with
protein and transcription evidence level were collected. When obtained more than
one sequence for the same protein name, the tool BLAST

(https://www.uniprot.org/blast/) was used to find the identity between the sequences,

and in case it was less than 90% identical, they were considered different proteins.
According to the bean studied species, Table 1 presents the proteins
identified in the UniProt database and the percentage of identity obtained in the
BLAST tool when more than one sequence was collected for the same protein. In
none of the species was found protein sequences with protein and/or transcript
evidence level for the proteins named as legumin (11 S globulin), therefore, they

were not selected. In the species Vigna angularis (Willd.), three polypeptide chains
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were found for the 7 S globulin protein. The species Phaseolus vulgaris (L.) and
Vigna radiata (L.) had four sequences for the phaseolin and 8 S globulin
respectively. The species Vigna unguiculata (L.) Walp. obtained the highest number
of sequences for the same protein, with a total of five sequences for the vicilin
protein.

Chart 1 exemplifies how the percentage of identity between two
different sequences obtained for the phaseolin present in common bean was
performed. The negative signal in one of the sequences indicates that it does not
have amino acids in that position, and the positive sign between the sequences
indicates that they have different amino acids but with similar properties in the same
position, contributing to the growth of the percentage of identity between them.

In the species Phaseolus vulgaris (L.), Vigna angularis (Willd.) and
Vigna unguiculata (L.) Walp., the different protein sequences obtained for phaseolin,
7 S globulin and vicilin, respectively, had more than 90% of identity to each other in
the BLAST tool. Therefore, these were considered identical, being selected randomly
one protein of each species to be presented in the scientific prediction regarding the
bioactive potential in the database BIOPEP. The codes of the proteins selected were
P07219, A4P198 and AOA2U96L 2 respectively (Charts 2, 3 and 5).

For the species Vigna radiata (L.), the proteins Q198W4, BINPN8
and Q198W5 presented identity values above 90% among them (Table 1), thus, one
of them (BLNPN8) was randomly selected to carry out the scientific prediction in the
BIOPEP database (Chart 4). The protein Q198W3 presented percentages below
90% of identity in relation to all the proteins mentioned above and, therefore, this one
was considered different from the others, being also used in the scientific prediction
in the database BIOPEP (Chart 4).

Scientific prediction regarding the potential of obtaining bioactive peptides and

analysis of bioactivity

In the database BIOPEP-UWM, in the tool Bioactive peptides, the
access was: Analysis =» Profile of Potential Biological Activity =» For Your Sequence

(http://www.uwm.edu.pl/biochemia/index.php/en/biopep), it was evaluated in silico

the profiles of potential biological activity by inserting the proteins sequence obtained
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previously in the UniProt, according to each bean species.
Posteriorly, in the tool Bioactive Peptides, the access was: Analysis
> 4 Enzyme Action > 4 For Your Sequence

(http://www.uwm.edu.pl/biochemia/index.php/en/biopep), the protein hydrolysis was

simulated by two different processes: the gastrointestinal digestion with pepsin (EC
3.4.23.1), trypsin (EC 3.4.21.4) and chymotrypsin (EC 3.4.21.1) and the hydrolysis
with the enzyme subtilisin (EC 3.4.21.62). From the results of enzyme action, it was
performed the search for bioactive fragments. The frequency of bioactive fragments
occurrence (A) with specific activity (ACE and DPP-IV inhibition, antioxidant, etc.) in
the protein sequence, was calculated according to the BIOPEP definition by the
following equation: “A” = a/N, where “@” was the number of fragments with given
activity in the storage protein sequence, and “N” was the number of amino acid
residues of the storage protein.

Posteriorly, the bioactive fragments obtained from BIOPEP database

were analyzed trough the database PeptideRanker (Mooney et al.,, 2012)

(http://distilldeep.ucd.ie/PeptideRanker/), which ranks peptides by the predicted
probability that the peptide will be bioactive by attributing a score from 0 to 1 for each
peptide, the closer the value to 1, more likely it is that the peptide will be bioactive.
According to the database, any peptide predicted over a 0.5 threshold is labeled as
bioactive, however, choosing a threshold of 0.8 it will reduce the false positive rate
from 11% and 16%, at 0.5 threshold, to 2% and 6%, for long and short peptides,
respectively. Thus, it was chosen to present only the peptides with a score of 0.8 on
PeptideRanker in this work. In this step, peptide sequences identified in other
scientific studies that have the same bioactive fragments as those identified in the
present study with antioxidant potential and inhibition activity of ECA and DPP-IV
enzymes were compared to each other.

Through the analysis of the profile of potential biological activity from
the BIOPEP, it is possible to predict any type of peptide fragment with potential
biological activity that can be obtained from proteins, since it does not use a specific
mechanism to simulate the hydrolysis of the polypeptide chain. Thus, this profile
presents a large possibility of obtaining different peptides fragments with the most
diverse potential biological activities. Because of this, many activities have a low
frequency of occurrence (Chart 2).

In this study, all the studied species presented a similar profile of
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potential biological activities between each other, as can be observed in Chart 2 for
common bean. Some of the potential activities were ACE and DPP-IV inhibitors,
antithrombotic effect, hypotensive effect, stimulating vasoactive substance release
peptides and glucose uptake stimulating peptides. The exception was that the adzuki
bean and cowpea also presented antibacterial activity, both with frequency of
bioactive fragments occurrence of 0.0023 (data not shown). Based on that, it was
chosen to present all the activities found in the profile of potential biological activity
only for the species Phaseolus vulgaris (L.) as an example (Chart 2), and for the
other bean species it was presented only the biological activities that had a frequency
of bioactive fragment occurrence above 0.05 in this profile (Charts 3, 4 and 5).

As an example, Figure 1 shows the fragments obtained after the
simulation of the hydrolysis of phaseolin (P07219) trough the action of
gastrointestinal enzymes: pepsin, trypsin, and chymotrypsin. Since the enzymes act
at specific sites of the polypeptide chain according to their affinity for the substrate,
the simulation of protein hydrolysis by gastrointestinal enzymes or by the subtilisin
action, shows a decrease in the amount of different fragments that can be obtained
when compared with the profile of potential biological activity (Chart 2), and
consequently evidences a decrease at the potential biological activities observed.

The phaseolin is highly resistant to proteolysis due to its compact
and rigid structure, thus factors such as the enzyme specificity, the enzyme/substrate
ratio, time of hydrolysis and the own structural heterogeneity of phaseolin among
different cultivars, impact its proteolytic rate, leading to finding different biological
activities (Garcia-Mora et al., 2015).

Observing the profile of potential biological activity and the two
process of hydrolysis simulated, in general, all the proteins of the four bean studied
species had a higher frequency of bioactive fragment occurrence for DPP-IV
inhibition followed by ACE inhibition and by antioxidant activity (Charts 2, 3, 4 and 5).

The majority of bioactive fragments obtained in all the studied
species were dipeptides, followed by tripeptides (Charts 2, 3, 4 and 5). Larger
fragments were only observed in the profile of potential biological activity. The
gastrointestinal digestion appears to be enough to release bioactive fragments from
the globulins present in the common bean, adzuki bean, mung bean, and cowpea.
Therefore, the consumption of this legume in a daily basis could be considered a

promising strategy to decrease the risk of developing T2D and hypertension,
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according to the higher frequency of bioactive fragments occurrence found for DPP-
IV and ACE inhibition activities, respectively. However, it was observed that the
hydrolysis by the subtilisin also can generate different fragments from those obtained
only by gastrointestinal digestion, indicating that this process can be used in the
formulation of health-enhancing foods to increase the amount of different bioactive
fragments potentializing its effect.

Tables 2, 3 and 4 present the score (only above 0.8) on
PeptideRanker of the peptides obtained from the BIOPEP database with the potential
to inhibit the DPP-IV and ACE enzymes, and with antioxidant activity, respectively.
These tables also present peptide sequences identified in scientific studies, which
evidenced the inhibition of DPP-IV and ACE enzymes and antioxidant activity by in
vitro assays.

It may be noted that the bioactive fragments identified in the in vitro
studies of inhibition of ACE and DPP-IV (Table 2 and 3) were present in different
peptide sequences, most of them with more than 4 amino acid residues. This may
occur due to factors such as the enzyme specificities and different time of hydrolysis
applied in the different studies. Garcia-Mora et al. (2015) evaluated the obtention of
bioactive peptides from common bean by hydrolysis with two different subtilisins, the
Alcalase® and Savinase®, the authors concluded that the hydrolysates obtained by
Alcalase treatment for 120 min and Savinase for 90 min had the higher biological
potential, including anti-inflammatory, ACE inhibitory and antioxidant activities. The
bioactive fragments with the bigger score on PeptideRanker in the present study that
was also observed in the peptide sequences identified in the in vitro studies, were
FP, PF, and FL for DPP-IV inhibition (Table 2) and FFL, FP, and FG for ACE
inhibition (Table 3).

Since in this study the majority of the peptides with good possibility of
being bioactive had the potential to inhibit DPP-IV and ACE, there are two different
mechanisms to explain the inhibition of these enzymes: peptides bound to the
enzyme and alters its shape, which will incapacitate the binding between the enzyme
and substrate, or by competitive inhibition, where the peptides will compete with the
substrate for the enzyme catalytic site (Ngoh & Gan, 2017).

According to Mojica et al. (2015), the peptide sequence and the
amino acid type are determinant in the interaction potential between the functional

groups of the bioactive peptides with the amino acids present in the active site of the
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enzymes, which will determine the affinity for the inhibitor. The interactions depend
on the distance and the functional groups present in the side chains, so for the
competitive inhibition of these enzymes to occur, the bioactive compounds need to
position themselves adequately to interact with the amino acids present in the
catalytic site. The main interactions predicted from the peptide sequences found
were hydrogen bonds, polar and hydrophobic interactions.

The interaction of DPP-IV inhibitory peptides with the active site of
the enzyme is not yet fully understood. In general, good inhibitors contain from 2 to 7
amino acids, with proline or alanine in the penultimate position of the N-terminal
extremity (Power, Nongonierma, Jakeman & Fitzgerald, 2014). Also, a study of Lan
et al. (2015) which analyzed 337 dipeptides evidenced the presence of a tryptophan
residue at the N-terminal position of the most potent peptides. In the present study,
many peptide fragments from all the studied species with a score above 0.8 on
PeptideRanker also contained proline, alanine or tryptophan residues (WF, FP, PF,
WG, RW, WY, WN, SW, AF, FA) (Table 2) confirming the potential to exert
bioactivity. Also, many of these potential bioactive fragments were identified in the
peptide sequences obtained from the analysis of in vitro studies.

When it comes to the inhibition of ACE, its catalytic site is formed by
three subunits, in which, angiotensin | will interact trough three hydrophobic amino
acids present in its C-terminal region, being proline, histidine, and phenylalanine.
Therefore, potent peptides capable of inhibiting the ACE preferentially will have
amino acids such as tyrosine, proline, tryptophan, phenylalanine, and leucine at the
C-terminal extremity, having a positive correlation between their hydrophobicity and
inhibitory activity. Positively charged amino acids such as arginine and lysine also
promote ACE inhibitory activity. Aromatic or alkaline amino acids at the N-terminal
extremity of inhibitors peptides can increase the inhibitory activity, such as arginine,
glycine, valine, alanine, and isoleucine. In general, the ACE inhibitors peptides
present low molecular weight (Li & Yu, 2015).

Similar to the profile found previously for the fragments with the
potential to inhibit DPP-1V, it was also found peptide fragments with the potential to
inhibit ACE which contains amino acids with the characteristics cited above in all the
bean species (Table 3), also many of these bioactive fragments are present in the
peptide sequences obtained at the studies which realized the in vitro inhibition of
ACE assay.
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Study of Ngoh & Gan (2017) used the database PeptideRanker to
selected five peptide fragments from common bean with score above 0.8, PPHMLP,
LSSLEMGSLGALFVCM, PPHMGGP, PLPLHMLP, PLPWGAGF, the authors
concluded that these fragments demonstrated ACE inhibition activity by in vitro
assays with 1Cso values of 1.52 yM, 1,84 uM, 11,04 yM, 27,32 uM, and 31,88 uM,
respectively. From these sequences, four of them had bioactive fragments also found
in this work (Table 3), being that GG, GP (PPHMGGP), PL (PLPLHMLP) and WG
(PLPWGAG).

When it comes to antioxidant activity (Table 4), a small number of
potential bioactive fragments with a score above 0.8 was observed when compared
with the number found for the other two studied activities, and only two amino acids
(RW) from a tripeptide (RWY) were identified in the peptide sequences (RWAEK)
present in the in vitro studies analyzed (Mojica, Chen & Gonzalez de Mejia, 2015).

Oxidation is a vital process in the human organism, in which the
production of free radicals (highly reactive molecules that contain an unpaired
electron in its last electron layer) occurs. Under normal circumstances, oxidation is a
dynamic and continuous balance between free radical production and elimination, but
overproduction of these molecules can cause damage to cells, which is known as
oxidative stress. This process can lead to diseases such as cancer, high blood
pressure and inflammation (LI; YU, 2015).

Antioxidant pathways can occur through the inactivation of active
oxygen, neutralization of free radicals, chelating metallic ions, and reducing the
formation of hydrogen peroxide. Bioactive peptides with hydrophobic amino acids
have a high correlation with antioxidant activity, the more hydrophobic and aromatic
amino acids, the greater the antioxidant activity, since these tend to combine first
with free radicals (Li & Yu, 2015). According to that, the majority of the peptide
fragment found in this study with good potential to be bioactive in PeptideRanker had
hydrophobic and aromatic amino acids such as WG, RW, WY, RWY, and ADF (Table
4).

The score on PeptideRanker can be used for the prediction or
optimal design of bioactive peptides, leading investigators to initiate analyses on
peptides that are most favored by the software, facilitating experimental decision and
improving efficiency (Mooney et al., 2012).

The results found in this work evidence that the bioinformatics can be an efficient,
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simplified and cost-effective tool to be used in the design, synthesis and selection of
food-derived bioactive peptides to realize in vivo studies, regarding its potential

bioactive and to decrease the risk of developing T2D and hypertension.

Scientific Studies

The number of scientific studies that demonstrated biological activity
from the bean’s proteins was raised in the databases Wiley, Medline/Pubmed and
others available in the CAPES portal of periodicals (Fig. 2).

It was observed that the common bean is the bean species most
explored by the studies that have as its theme the bioactive peptides, followed by
cowpea, mung bean and adzuki bean. Probably the common bean may be the most
studied because it is the most important legume for human consumption, with
approximately 12 million tons produced annually (Consultative Group on International
Agricultural Research [CGIAR], 2019).

For common bean, cowpea, and mung bean species, the inhibition of
ACE and antioxidant activity were the most studied, followed by inhibition of DPP-IV,
this goes according to our results, since the bigger frequency of bioactive fragments
occurrence also was found for these activities. However, as mentioned previously,
other activities are possible according to the profile of potential bioactive peptides
(Chart 02), besides antioxidant and inhibition of ACE and DPP-IV. Some of these
different activities were identified by in vitro studies, such as antithrombotic (Basha,
Maheswaraiah & Rao, 2017), stimulation of glucose uptake (Oseguera-Toledo,
Gonzalez de Mejia, Sivaguru & Amaya-Llano 2016), hypotensive (Cu-Cafietas,
Ancona, Tintoré, Peraza & Guerrero, 2015) and antimicrobial (Ariza-Ortega et al.
(2014).

The Chart 2 shows that common bean possesses potential to release
fragments with antithrombotic activity (A = 0.0023), the same profile was also
observed for Vigna radiata (L.), (A = 0.0022, data not shown). Basha et al. (2017)
studied the bioactive compounds such as polyphenols, peptides and proteins in the
seed exudate of mung bean which is obtained from the first step in the germination
process which involves soaking the seeds for 4-24 h in water for imbibition, during

this process, the influx of water into cells of dry seeds causes cracks in the seed coat
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which causes the leakage of the endogenous substances of the seed into the water
used for soaking. The authors found that the protein seed exudate showed inhibition
of platelet aggregation, with the low molecular fraction 12.4 kDa (1.0 mg/mL) being
responsible for 36,49% of inhibition of platelet aggregation.

Thrombosis occurs when a blood clot forms due to platelet
aggregation in one or more large veins of the legs and thighs. This clot blocks the
flow of blood and causes swelling and pain in the area. The biggest problem is when
a clot detaches and moves in the bloodstream, in a process called embolism. An
embolism may be stuck in the brain, lungs, heart, or another area, leading to serious
injury (BRAZIL. MS, 2019).

In this study, all the studied species presented peptides fragments
with potential hypotensive, especially for the cowpea, the frequency of occurrence
was 0.0208 (data not shown). A study that evaluated the hypotensive effect of
peptide fractions obtained by the Flavourzyme hydrolysis of cowpea proteins,
concluded that the fraction <1 kDa decreased the systolic pressure in Wistar rats by
8.61% and the diastolic pressure by 14.09%, while the control with Captopril
decreased by 9.84% and 11.14%, respectively (Cu-Cafietas et al., 2015).

Oseguera-Toledo et al. (2016) found that the protein fraction <1 kDa
obtained by the action of Alcalase on common bean’s proteins, generated the LL
peptide, and by the action of bromelain generated the peptides VL, LV, LL, after
simulation of gastrointestinal digestion. All the fragments had biological activity to
increase glucose uptake. The same bioactive fragments were observed in the
present study for common bean (Chart 2) cowpea, mung bean and adzuki bean (data
not shown).

According to the BIOPEP database, only the adzuki bean and cowpea
had the potential to obtain peptide fragments with antibacterial activity (A = 0.0023,
data not shown), however, in the literature, this activity was found for common bean.
A study by Ariza-Ortega et al. (2014) found that the common bean protein
hydrolysate obtained by Alcalase® action had antibacterial activity (fraction <1 kDa)
against Shigella dysenteriae.

Although they did not appear in the profile of potential bioactivity
performed for the evaluated bean species in this study, other different activities were
found in the literature, such as the inhibition of the a-glucosydase and a-amylase,

increase in the secretion of the insulin by INS-1 cells (Oseguera-Toledo et al., 2015),
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antifungal, antiinflamatory (Oseguera-Toledo et al., 2011), anticancer (Luna Vital et
al, 2014), anticholesterolemic (Amaral et al., 2017) and others, most of them also
using common bean. These findings open the possibility of obtaining other health
benefits from the regular consumption of the bean studied species, in addition to the

activities more extensively studied as antioxidant, inhibition of ACE and DPP-IV.

Conclusion

Our results suggest that the globulins present in the common bean,
adzuki bean, mung bean, and cowpea are a good source of proteins to release
potential bioactive peptides to act inhibiting the ACE and DPP-IV enzymes and with
antioxidant activity, from gastrointestinal digestion. Therefore, the consumption of this
legume in a daily basis could be considered a promising strategy to decrease the risk
of developing T2D, hypertension, and several other diseases related to oxitative
stress, such as cancer and inflamations. In addition, the hydrolysis with subtilisin can
be used to potentialize this effect and to origin health-enhanced ingredients from the
bean’s protein. Also, it shows that the computational prediction of bioactive peptides
can be a useful and cost-effective tool to direct the design and synthesis of new food-
derived peptide to perform in vivo studies.
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Nomenclature

ACE
CAPES
COX2
DPP-IV
GIP
GLP-1
HDL-c
HMG-CoAr
ICs0
INS-1E
NF-kB
PepTl
T2D

Angiotensin-converting enzyme

Coordination of Improvement of Higher Level Personnel
Ciclooxygenase-2

Dipeptidyl peptidase-IV

Glucose-dependent insulinotropic peptide

Glucagon-like peptide

High-density lipoprotein

3-hydroxy-3-methyl-glutaryl-CoA reductase

Inhibitor concentration required to inhibit 50% of enzyme activity
Insulin secreting beta cell derived line

Nuclear factor kappa light chain enhancer of activated B cells
Human peptide transporter 1

Type 2 Diabetes melittus

List of amino acids: A, Alanine; R, Arginine; N, Asparagine; D, Aspatrtic acid; C,

Cysteine; Q, Glutamine; E, Glutamic acid; G, Glycine; H, Histidine; I, Isoleucine; L,

Leucine; K, Lysine; M, Methionine; F, Phenylalanine; P, Proline; S, Serine; T,

Threonine; W, Tryptophan; Y, Tyrosine; V, Valine.
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Table 1 - Globulin storage proteins obtained from UniProtKB according to the bean species and Identity between the

sequences (BLAST).

Protein name UniProt code |Length Identity (BLAST)
Phaseolus vulgaris
Alpha phaseolin P07219 436 P07219 P02853 Q43632 Q43633
Phaseolin beta-type P02853 421 P07219 94.70% 94.00% 97.00%
Phaseolin Q43632 421 P02853 98.80% 95.80%
Phaseolin Q43633 Q43632 95.60%
Q43633
Vigna angularis
7S globulin-3 A4PIAO 433 A4PIAO A4P198 A4P199
7S globulin-1 A4PI98 434 A4PIAO 95.20% 96.80%
7S globulin-2 A4PI99 434 A4PI98 98.40%
A4PI199
Vigna radiata
8S globulin beta isoform Q198wW3 453 Q198W3 Q198wW4 B1NPN8 Q198W5
8S globulin alpha’ isoform| Q198wW4 453 Q198Ws3 85.00% 84.40% 84.70%
8S globulin alpha subunit B1NPN8 454 Q198w4 90.00% 90.30%
8S globulin alpha isoform Q198W5 454 B1NPNS8 99.80%
Q198W5
Vigna unguiculata
Vicilin AOA2U9K6L2 | 432 AOA2U9K6L2 AOA2UIKEK6 AOA2UIKEKIAOA2UIKG6LA AOA2UIKEKS
Vicilin AOA2U9K6K6 | 432 | AOA2U9K6L2 97.70% 97.50% 97.50% 98.40%
Vicilin AOA2U9K6K9 | 429 |A0A2U9KEK6 98.40% 98.40% 99.30%
Vicilin AOA2U9K6L4 | 432 | AOA2U9K6K9 97.70% 98.60%
Vicilin AOA2U9K6K8| 432 | AOA2U9K6L4 99.10%

AOA2U9KG6KS8
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Table 2 - Score at PeptideRanker of the Bioactive Peptide Fragments with Potential to Inhibit DPP-IV obtained from BIOPEP and Peptide
Sequences with the same bioactive fragment identified in scientific studies at the literature.

Bioactive . : Species
Score fragment Bean specie Peptide Sequence Reference studied
0.9988 WF mung bean, cowpea
0.9966 MF mung bean
0.9947 GF adzuki bean, mung bean,

cowpea

SAKFPPAGGK, VDTFPA, FPLV, Rocha et al.(2014)
LTTFPE, DVTFPA, EVTFPA, Rocha etal. (2015)

0.9939 Ep adzuki bean, mung bean, VAFPGSSVE, FDDFPW, VDTEPA, Mojica and Gonzalez de Mejia cowpea,
cowpea DLTFPA, FPNGGSL, FPVTPF, ) (2015) _ common bean
LTTEPE Mojica and Gonzalez de Mejia
(2016)
SKDGGPF, QTPF, SGPFGPK,
0.9934 PE common bean, adzuki bean, LPPSPERTAAPPF, LTPFA, Mojicfgﬁgzitni;(liggg Mejia cowpea,
mung bean, cowpea DVPFVS, FPVTPF, SSKAGDPF, (2015) common bean
YLAGNPFAPPHGGK
0.9924 WG adzuki bean
YVFLS, VYFLS, VFLPA, Rocha et al., (2014)
FLPTGGL, FFL, DFFL, DFFLS Mojica & Gonzalez de Mejia
. FLEMLLLDFL, FFLLEQLAATT, (2015)
0.9896 FL common bsan, adzuki bean, LEFLLLMLDF, Oseguera-Toledo, Gonzalez de cowpe;
g bean, cowpea QFLLOMLALRK, TELELLFLEF,  Mejia & Amaya-Llano (2015) ~ commonbean
RYAFLELLTQ, Mojica & Gonzalez de Mejia
EFLDLMLLLF (2016)
09857 FR common bean, adzuki bean,
mung bean, cowpea
0.9818 YF common bean, adzuki bean, VYFLS Mojica & Gonzalez de Mejia (2016) common bean

mung bean, cowpea




Table 2 - (Continued)

0.9784
0.9749

0.9733

0.9713

0.9601

0.9558

0.9512

0.9510

0.9488

0.9461

0.9411
0.9391

RW
wy

AF

MM

MP

FA

FN

HF

SF

QF

NF
WN

adzuki bean, mung bean,
cowpea
mung bean

common bean, adzuki bean,
mung bean, cowpea

common bean

common bean, cowpea

common bean, adzuki bean,
mung bean

common bean, adzuki bean,
mung bean, cowpea

adzuki bean, mung bean,
cowpea
common bean, adzuki bean,
mung bean, cowpea

mung bean
common bean, adzuki bean,

mung bean, cowpea
common bean

VAFPGSSVE, FAFGLN,
FFAAAFT,
RLLFNLMLAF, FAFQFT,
RYAFLELLTQ,

LMMLMYLLLL
MPHLK, MPPM
FATGT, LTPFA, QFADG, FAFGLN,
FFAAAFT,

YLAGNPFAPPHGGK, FAFQFT,
FFAQFT, FAAG

LSFNT, RLLFNLMLAF

LSENT

QFADG, FAFQFT, FFAQFT

Rocha et al. (2014)
Mojica & Gonzalez de Mejia
(2015)
Oseguera-Toledo, Gonzalez de
Mejia & Amaya-Llano (2015)
Mojica & Mejia (2015)
Mojica & Gonzalez de Mejia
(2015)

Moijica, Luna-Vital & Gonzalez de
Mejia (2016)

Rocha et al. (2014)
Mojica & Gonzalez de Mejia
(2015)

Mojica, Chen & Gonzalez de Mejia
(2015)
Oseguera-Toledo, Gonzalez de
Mejia & Amaya-Llano (2015)
Mojica & Gonzalez de Mejia
(2015)

Moijica, Luna-Vital & Gonzalez de
Mejia (2016)

Moijica, Luna-Vital &
Gonzalez de Mejia (2016)
Rocha et al. (2014)
Mojica & Gonzalez de Mejia
(2015)

cowpea
common bean

common bean

common bean

cowpea
common bean

common bean

common bean

cowpea
common bean
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0.9339 SwW
0.9068 KF
0.9055 GP
0.8874 GG

common bean, mung bean,
cowpea
common bean, adzuki bean, Rocha et al., (2015)
mung bean, cowpea SAKFPPAGGK, VKFMT Mojica; Luna-Vital, Mejia (2016)
SKDGGPF, CGPHGA, KGPASK,
SGPFGPK, SAKGPPMGAK,
SAKGPPTSAK, SRSPAGPPPTEK,

common bean

Rocha et al., (2014)
Rocha et al., (2015)

FDDGPEF, FDDGPEF, N b
common bean, mung bean, Mojica and Mejia (2015) cowpea
cowpea LEGPKRAGW, Mojica and Mejia (2016) common bean
SAKGPPTSAQ, SGPTLSK, Moijica; Luna-Vital, Mejia (2016)
SAKGPPMGAK,

GPALP, SGPAKWKW

SAKFPPAGGK, SGGYKLLLLK,
SKDGGPF, GGGLHK, GGDEAG,
GGNEGA, GSLGGH, LKEGGK,

SLPAGGNRYGK, Rocha et al., (2015)
adzuki bean, mung bean TPKNSDPLPGVGGSELSKEYV, Mojica and Mejia '(.2015) cowpea
cov&pea ’ EKASGGGGLS, FLPTGGL, Oseguera-Toledo; Mejia; Amaya- common bean
SRGVAGGAGV, TDGGLLE, Llano (2015)
FPNGGSL, LTGATLEPPKPGGGL, Mojica and Mejia (2016)
FAGGTSGSGV, DKGGLL, Mojica; Luna-Vital, Mejia (2016)
YLAGNPFAPPHGGK,
ASKGGGVAGKK,

SKAGGVGGLSK




Table 2 - (Continued)

0.8642

0.8491

0.8267

0.8154

0.8111

0.8088

LM

MR

TF

VF

PL

GL

adzuki bean, cowpea

common bean
common bean, mung bean,

cowpea

common bean, adzuki bean,
mung bean, cowpea

common bean, mung bean,
cowpea

common bean, adzuki bean,
mung bean, cowpea

LRENNKLMLLELK, ALMLEEYLLE,

RALMPN, RLLFNLMLAF,
LEFLLLMLDF,
RRKALMRGONK, LMMLMYLLLL,
EFLDLMLLLF,
DLLLLLMGESLLF

RKLKMRQ, RRKALMRGQNK

VDTFPA, LTTFPE, DVTFPA,
EVTFPA, VDTFPA,
DLTFPA, LTTFPE

LLYEVELVFE, LSGVF, YVFLS,
VFLPA,
KRKRYEKLLLLREEGRSVFQ

ATNPLF, AKSPLF, TTNPLF,
TPKNSDPLPGVGGSELSKEYV,
APLGKP,
PLLELELVEAAG, FPLV, RORLPL

GGGLHK, KTYGL,
EGLELLLLLLAG, TATGLLE,
EKASGGGGLS, ARTGLAP,

FLPTGGL, TTAGLLE, FAFGLN,
TDGGLLE, LTGATLEPPKPGGGL,
DKGGLL, GLSLELLLLL,
YGLVAGK, GLASK, ERGLAGS,
SKAGGVGGLSK

Rocha et al., (2014)
Mojica and Mejia (2015)
Mojica, Chen and Mejia (2015)
Mojica and Mejia (2016)

Mojica and Mejia (2015)
Mojica and Mejia (2016)

Rocha et al., (2014)

Rocha et al., (2014)
Mojica and Mejia (2015)
Mojica and Mejia (2015)
Mojica and Mejia (2016)

Moijica; Luna-Vital, Mejia (2016)

Rocha et al., (2014)
Mojica and Mejia (2015)
Mojica and Mejia (2016)

Rocha et al., (2014)
Mojica and Mejia (2015)
Oseguera-Toledo; Mejia; Amaya-
Llano (2015)

Mojica and Mejia (2016)
Moijica; Luna-Vital, Mejia (2016)

cowpea
common bean

common bean

cowpea

cowpea
common bean

cowpea
common bean

cowpea
common bean

It was presented only the fragments with score above 0.8.
Bold: bioactive fragment.

A, Alanine; R, Arginine; N, Asparagine; D, Aspatrtic acid; C, Cysteine; Q, Glutamine; E, Glutamic acid; G, Glycine; H, Histidine; |, Isoleucine; L,
Leucine; K, Lysine; M, Methionine; F, Phenylalanine; P, Proline; S, Serine; T, Threonine; W, Tryptophan; Y, Tyrosine; V, Valine.



Table 3 - Score at PeptideRanker of the Bioactive Peptide Fragments with Potential to Inhibit ACE obtained from BIOPEP and Peptide Sequences with the same
bioactive fragment identified in scientific studies at the literature.
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Bioactive . . Species
Score fragment Bean specie Peptide Sequence Reference studied
0.9966 MF mung bean
AMPVNNPQIHDFFLS, .
0.9955 FFL common bean, adzuki bean AMPVNNPQIHEFFLS, Mo'iciaz?tcclaaéanc:I:zectiZIi\/i?;?;O15) common bean
FFLLEQLAATT, LLFFLE ) )
0.9947 GE adzuki bean, mung bean,
cowpea
0.9939 FP adzukd bii\?&prgzng bean, FPLV, FPVL Mojica & Gonzalez de Mejia (2015)  common bean
0.9931 FG adzukd bii\?&prgzng bean, KVDNFG Mojica & Gonzalez de Mejia (2015)  common bean
0.9924 WG adzuki bean
RLLFNLMLAF, LLFFLE,
common bean, adzuki bean PLTALFV, TELELLFLEF, Lietal. (2006) common bean
0.9869 LF mun bear,1 COWDEa ’ EFLDLMLLLF, Mojica & Gonzalez de Mejia (2015) muna bean
g bean, coup DLLLLLMGESLLF, g
KLPAGTLF
0.9866 RF common bean, adzuki bean, - y/pey | VRF, VLRF, RFKL, Mojica & Gonzalez de Mejia (2015)  common bean
mung bean, cowpea
0.9857 FR common bean, adzuki bean,
mung bean, cowpea
0.9824 Y common bean, adzuki bean,
mung bean, cowpea
adzuki bean. mund bean Mojica & Gonzalez de Mejia (2015)
0.9784 RW COV\; ea g ' SGKKPTRW, RWAEK Mojica, Chen & common bean
P Gonzalez de Mejia (2015)
. Mojica & Gonzalez de Mejia (2015)
RLLFNLMLAF, FAFQFT .
0.9733 AF common bean, adzuki bean, , FAFQFT, Mojica, Chen & common bean

mung bean, cowpea

RYAFLELLTQ, ERAF

Gonzalez de Mejia (2015)
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0.9713
0.9492

0.9488

0.9424

0.9411
0.9395
0.9161

0.9068

0.9055

0.8953
0.8882

0.8874

0.8358

MM

SF

DF

NF
LFR

FQ

KF

GP

RFH
GPL

GG

LNF

common bean
common bean

common bean, adzuki bean,
mung bean, cowpea

adzuki bean, mung bean,
cowpea
common bean, adzuki bean,
mung bean, cowpea
mung bean, cowpea
adzuki bean, mung bean,
cowpea
common bean, adzuki bean,
mung bean, cowpea

common bean, mung bean,
cowpea

mung bean
cowpea

adzuki bean, mung bean,
cowpea

mung bean, cowpea

LMMLMYLLLL

EGGSF, LSFENT

KVDNFG

FAFQFT,
YEKLLLLREEGRSVFQ

VKEMT

KGPASK, CGPHGA,
LEGPKRAGW,
SAKGPPTSAQ,

SGPTLSK, GPKVGWAVSG,

GPALP, SGPAKWKW

GGGLHK, GGDEAG,
GGNEGA, EGGSF,

YLAGNPFAPPHGGK, CGGE,

SGKAPPTSGGT,
TAKGGVGAAKN,
KGAGGAAAH,
ASKGGGVAGKK,
SKAGGVGGLSK

Mojica & Gonzalez de Mejia (2015)

Mojica, Chen &
Gonzalez de Mejia (2015)
Moijica, Luna-Vital & Gonzalez de
Mejia (2016)

Mojica & Gonzalez de Mejia (2015)

Mojica & Gonzalez de Mejia (2015)

Moijica, Luna-Vital &
Gonzalez de Mejia (2016)

Mojica & Gonzalez de Mejia (2015)
Moijica, Luna-Vital & Gonzalez de
Mejia (2016)

Mojica & Gonzalez de Mejia (2015)
Mojica, Chen &
Gonzalez de Mejia (2015)
Moijica, Luna-Vital & Gonzalez de
Mejia (2016)

common bean

common bean

common bean

common bean

common bean

common bean

common bean




Table 3- (Continued)
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0.8279

0.8267

0.8154

0.8111

0.8088

FVP

TF

VF

PL

GL

common bean

common bean, mung bean,
cowpea

common bean, adzuki bean,
mung bean, cowpea

common bean, mung bean,
cowpea

common bean, adzuki bean,
cowpea

SIEMKEGALFVPH,
SIEMEEGALFVPH,
ISSIEEMKEGALFVPH,
SIEMKEGALFVPHYYSK,
ISSIEMEEGALFVPH,
ISSIEMKEGALFVPHYYSK,
SIEMKEGALFVPHYYSK,
SIEMEEGALFVPHYYSKANIL

TTTF, FTFENLET,

LSGVF,
YEKLLLLREEGRSVFQ,

PLEAL, PLLELELVEAAG,
FPLV,
PLTALFV, RQRLPL,
GGGLHK, KTYGL,
PNLLGLSLELLLLL,
YGLVAGK,
GLASK, ERGLAGS,
SKAGGVGGLSK,

Garcia-Mora et al., (2015)

Mojica & Gonzalez de Mejia (2015)

Mojica & Gonzalez de Mejia (2015)
Mojica, Luna-Vital & Gonzalez de
Mejia (2016)

Mojica & Gonzalez de Mejia (2015)
Mojica & Gonzalez de Mejia (2015)

Mojica, Luna-Vital & Gonzalez de
Mejia (2016)

common bean

common bean

common bean

common bean

common bean

It was presented only the fragments with score above 0.8.
Bold: bioactive fragment.
A, Alanine; R, Arginine; N, Asparagine; D, Aspartic acid; C, Cysteine; Q, Glutamine; E, Glutamic acid; G, Glycine; H, Histidine; |, Isoleucine; L, Leucine; K, Lysine; M,
Methionine; F, Phenylalanine; P, Proline; S, Serine; T, Threonine; W, Tryptophan; Y, Tyrosine; V, Valine.
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Table 4 - Score at PeptideRanker of the Bioactive Peptide Fragments with Potential Antioxidant Activity obtained from
BIOPEP and Peptide Sequences with the same bioactive fragment identified in scientific studies at the literature.

Bioactive . ) Species
Score Bean specie Peptide Sequence Reference ]

fragment studied
0.9924 WG adzuki bean

0.9784 RW adzuki bean, mung bean

0.9749 WY mung bean
0.9713 MM common bean
Mojica, Chen &
0.9216 RWY mung bean RWAEK : common bean

Gonzalez de Mejia (2015)

0.8062 ADF adzuki bean, mung bean

It was presented only the fragments with score above 0.8.

Bold: bioactive fragment.
A, Alanine; R, Arginine; N, Asparagine; D, Aspartic acid; C, Cysteine; Q, Glutamine; E, Glutamic acid; G, Glycine; H, Histidine; |,
Isoleucine; L, Leucine; K, Lysine; M, Methionine; F, Phenylalanine; P, Proline; S, Serine; T, Threonine; W, Tryptophan; Y,

Tyrosine; V, Valine.
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P07219 - Protein sequence: MMRARVPLLL LGILFLASLS ASFATSLREE EESQDNPFYF
NSDNSWNTLFKNQYGHIRVLQRFDQQSKRLQNLEDYRLVEFRSKPETLLLQQADAELLLV
VRSGSAILVLVKPDDRREYFFLTQGDNPIFSDNQKIPAGIFYLVNPDPKEDLRIIQLAMPVN
NPQIHEFFLSSTEAQQSYLQEFSKHILEASFNSKFEEINRVLFEEEGQQEEGQQEGVIVNI
DSEQIEELSKHAKSSSRKSHSKQDNTIGNEFGNLTERTDNSLNVLISSIEMKEGALFVPHY
YSKAIVILVVNEGEAHVELVGPKGNKETLEFESYRAELSKDDVFVIPAAYPVAIKATSNVNF
TGFGINANNNNRNLLAGKTDNVISSIGRALDGKDVLGLTFSGSGEEVMKLINKQSGSYFV
DG HHHQQEQQKG SHQQEQQKGR GAFVY

Enzyme action: M-M-R-AR-VPL-L-L-L-GIL-F-L-ASL-SASF-ATSL-R-EE
EESQDN -PF-Y-F-N-SDN-SW-N-TL-F-K-N-QY-GH-IR-VL-QR-F -
DQQSK-R-L-QN-L-EDY-R-L-VEF-R-SK-PETL-L-L-PQQADAEL -L-L-
VVR - SGSAIL-VL-VK -PDDR-R-EY-F-F-L-TQGDN -PIF-SDN - QK - IPAG
TIF-Y-L-VN-PDPK-EDL-R-IQL-AM-PVN-N-PQIH-EF-F-L-SSTEAQQ
SY-L-QEF-SK-H-1L-EASF-N-SK-F-EEIN-R-VL -F - EEE GQQEEGQQEG
VIVN - IDSEQIEEL-SK -H-AK-SSSR-K-SH-SK-QDN-TIGN-EF-GN-L-TER
-TDN-SL-N-VL-ISSIEM-K-EGAL-F-VPH-Y-Y-SK-AIVIL-VVN - EGE AH -
VEL - VGPK - G N - K - ETL - EF - ESY - R - AEL - SK - DDVF - VIPAAY - PVAI K - ATSN
-VN-F-TGF-GIN-AN-N-N-N-R-N-L-L-AGK-TDN-VISSIGR - AL - DG K -
DVL - GL - TF- SG SGEEVM -K-L-IN-K-QSGSY -F-VDG H-H-H-QQEQQK -G
SH - QQEQQK - GR - K - GAF - VY

Figure 1 - Fragments obtained after the simulation of the hydrolysis of phaseolin
(P07219) trough the action of gastointestinal enzymes: pepsin, trypsin and
quimiotrypsin.

Bold: bioactive fragments.
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Figure 2 - Amount of studies about bioactive peptides according to the biological activity.

Other activities: Antihypertensive in vivo, anticancer, antibacterial, antiinflamatory, antifungal, hypotensive, inhibition of alfa-amylase
and alfa-glucosidase, inhibition of PG2 and TNF production, inhibition of platelet agregation, inhibition of acetilcolinesterase, increase of
insulin scretion by INS1 cells.

73



74

P07219: P02853
Identity: 94.70%

P07219 1 MMRARVPLL
MMRARVPLL
MMRARVPLL

P02853 1

P07219 61

P02853 61

P07219 121

P02853 121

P07219 181

P02853 180

P07219 241

P02853 235

P07219 301

P02853 295

P07219 361

P02853 355

P07219 421

P02853 407

QRFDQQSKR
QRFDQQSKR
QRFDQQSKR

F
F
F

> > > nunon nunon

2z Zz

S

FLTQGDNP
FLT DNP
FLTS-DNP

YLQEF SKH
YLQEF SKH
YLQEF SKH

RKSHSKQDNTIGNEFGNLTERTDNSLNVLISSIEMKEGALFVPHYYSKAIVILVVNEGE 300
RKS SKOQDNTIGNEFGNLTERTDNSLNVLISSIEM+EGALFVPHYYSKAIVILVVNEGE
RKSLSKQDNT I GNEFGNLTERTDNSLNVLISSIEMEEGALFVPHYYSKAIVILVVNEGE?294

HVELVGPKGNKETLEFESYRAELSKDDVFVIPAAYPVAIKATSNVNFTGFGI NANNNNR 360
HVELVGPKGNKETLE+ESYRAELSKDDVFVIPAAYPVAIKATSNVNFTGFGI NANNNNR
HVELVGPKGNKETLEYESYRAELSKDDVFVIPAAYPVAIKATSNVNFTGFGI NANNNNR 354

LLAGKTDNVISSIGRALDGKDVLGLTFSGSGEEVMKLINKQSGSYFVDGHHHQQEQQKG 420
LLAGKTDNVISSIGRALDGKDVLGLTFSGSG+EVMKLINKQSGSYFVD HH
LLAGKTDNVISSIGRALDGKDVLGLTFSGSGDEVMKLINKQSGSYFVDAHH - - --- - - - 406

LLGILFLASLSASFATSLREEEESQODNPFYFNSDNSWNTLFKNQYGHIRVL 60
LLGILFLASLSASFATSLREEEESQDNPFYFNSDNSWNTLFKNQYGHIRVL
LLGILFLASLSASFATSLREEEESQDNPFYFNSDNSWNTLFKNQYGHIRVL 60

LONLEDYRLVEFRSKPETLLLPQQADAELLLVVRSGSAILVLVKPDDRREY 120
LONLEDYRLVEFRSKPETLLLPQQADAELLLVVRSGSAILVLVKPDDRREY
LONLEDYRLVEFRSKPETLLLPQQADAELLLVVRSGSAILVLVKPDDRREY 120

I FSDNQK I PAGT
I FSD+QKIPAGT
I FSDHQK I PAGT

I LEASFNSKFEE
I LEASFNSKFEE
I LEASFNSKFEE

HOQEQQKGRKGAFVY
HOQEQQKGRKGAFVY
HOQOEQQKGRKGAFVY

FYLVNPDPKEDLRI
FYLVNPDPKEDLRI
FYLVNPDPKEDLRI

NRVLFEEEGQQEEGQQEGV IVNIDSEQIEELSKHAKSS 240

NRVLFEEEGQQE
NRVLFEEEGQQE

| QLAMPVNNPQIHEFFLSSTEAQQ 180
| QLAMPVNNPQIHEFFLSSTEAQQ
| QLAMPVNNPQIHEFFLSSTEAQQ179

GVIVNIDSEQI+ELSKHAKSS
GVIVNIDSEQIKELSKHAKSS 234

Chart 1 - BLAST: example of (%) Identity between two sequences of the same protein.
Legend: PA07219: Alpha phaseolin. P02853 Phaseolin beta-type.
there is similarity between the two amino acids

gap

+
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Phaseolus vulgaris (L.) - Phaseolin

PO7219 - Protein sequence: MMRARVPLLL LGILFLASLS ASFATSLREE EESQDNPFYF NSDNSWNTLF KNQYGHIRVL QRFDQOQSKRL
QONLEDYRLVE FRSKPETLLL POQQADAELLL VVRSGSAILV LVKPDDRREY FFLTQGDNPI FSDNOQKIPAG TIFYLVNPDP KEDLRIQLA
MPVNNPQIHE FFLSSTEAQQ SYLOQEFSKHILEASFNSKFE EINRVLFEEE GOQOQEEGQQEG VIVNIDSEQI EELSKHAKSS SRKSHSKQDN
TIGNEFGNLT ERTDNSLNVL ISSIEMKEGA LFVPHYYSKA VILVVNEGE AHVELVGPKG NKETLEFESY RAELSKDDVF VIPAAYPVAI
KATSNVNFTG FGINANNNNR NLLAGKTDNV ISSIGRALDG KDVLGLTFSG SGEEVMKLIN KQSGSYFVDG HHHQOQEQOQKG SHQOQEQOQKGR
KGAFVY

Bioactive fragment

Antiamnestic
(prolyl endopeptidase VPL
inhibitor )

IR, ASL, AEL, VY, VK, GL,
ACE inhibitor GH, GR, QK, AR,
EY, TF

Antithrombotic

Immunomodulating

Stimulating
(stimulating vasoactive
substance release)

Stimulating
(glucose uptake stimulating
peptide)

Neuropeptide

Chart 2 - Predicted Potential of Obtaining Bioactive Peptides for Phaseolin.



Chart 2 - (Continued)

Regulating

(peptide regulating ion flow)
Regulating

(peptide regulating the

stomach mucosal membrane

activity)

Antioxidative

Inhibitor
(CaMPDE inhibitor)

Hypotensive
(renin inhibitor)

Activating ubiquitin-mediated
proteolysis

Dipeptidyl peptidase IV
inhibitor

Protein sequence obtained from Uniprot database; Bioactive peptides fragments obtained from BIOPEP database.

A: frequency of occurence; Gl: gastrointestinal digestion.

A, Alanine; R, Arginine; N, Asparagine; D, Aspartic acid; C, Cysteine; Q, Glutamine; E, Glutamic acid; G, Glycine; H, Histidine; |, Isoleucine; L,
Leucine; K, Lysine; M, Methionine; F, Phenylalanine; P, Proline; S, Serine; T, Threonine; W, Tryptophan; Y, Tyrosine; V, Valine.

IR, VY 0.0040

- 0.0060
P 0.0080
VPL, AL, SL, GL, EY, GH, IN, | 1)

IR, PF, QY, SH, SK, SW, TF,
TL, VK, VL, VN, VvY
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Vigna angularis (Willd.) - 7S globulin

A4PI198 - Protein sequence: IVHREHHESR EEVSVSSGKN NPFYFNSDRW FRTLYRNEWG HIRVLORFDQ RSKOMOQNLEN YRVVEFKSKP
NTLLLPHHAD ADFLLVVLNG TAVLTLVNPD SRDSYILEQG HAQKIPAGTT FFLVNPDDNE NLRIKLAIP VNNPHRFODF FLSSTEAQQS
YLRGFSKNIL EASFDSDFKE INRVLFGEER QQQOQGEESRE EGVIVELKRE QIQELMKHAK SSSRKELSSQ DEPFNLRNSK PIYSNKFGRW
YEMTPEKNPQ LKDLDVFISS VDMKEGALLL PHYSSKAINI MVINEGEAKI ELVGLSDOQOQOQ QKQOQEESLEV ORYRAELSED DVFVIPAAYP
VAINATSNLN FFAFGINAEN NRRNFLAGGK DNVMSEIPTE VLEVSFPASG KKVEKLIKKQ SESHFVDAQP EQQOREEGHK GRKGSLSSIL GSLY

Bioactive fragment

L IR, AF, GF, GR, EW, PH, IL,
ACE inhibitor AEL

Antioxidative

) . : VGL, AF, EH, EW, GF, IL, IR,
Pipepicyl pepicmse i PF, PH, ON, SK, TL, VL, VM,
inhibitor VN

Chart 3 - Predicted Potential of Obtaining Bioactive Peptides for 7S globulin.
Protein sequence obtained from Uniprot database; Bioactive peptides fragments obtained from BIOPEP database.

The chart only presents the activities with A>0.05 at the profile of potencial biological activity.

A: frequency of occurence; Gl: gastrointestinal digestion.
A, Alanine; R, Arginine; N, Asparagine; D, Aspartic acid; C, Cysteine; Q, Glutamine; E, Glutamic acid; G, Glycine; H, Histidine; |, Isoleucine; L, Leucine;

K, Lysine; M, Methionine; F, Phenylalanine; P, Proline; S, Serine; T, Threonine; W, Tryptophan; Y, Tyrosine; V, Valine.
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Vigna radiata (L.) - 8 S globulin

Q198W3 - Protein sequence: MVRARVOQLLL GILFLASLSYV SFGIVHREHQ ESQEESDSRG ONNPFYFNSD RRFHTLFKNQ YGHLRVIHRF
DORSKQIONL ENYRVVEFKS KPNTLLLPHH ADADFLLVVL NGRAILTLVN PDGRDSYILE QGHAQKIPAG TTFFLVNPND NDNLRIKLA
IPVNNPHRFQ NFFLSSTEAQ QOSYLRGFSKN ILEASFDSDF KEIDRVLFGE ERQQOHGEES QEEGVIVELK REQIRELIKH AKSSSRKELS
SODEPFNLRN SNPIYSNKFG RWYEITPEKN POQLKDLDVFISSVDMKEGGL LLPHYNSKAIVILVINEGEA KIELVGPSDQ QQOQODESLEVQ
RYRAELSEDD VFVIPAAYPV AINATSNLNF FAFGINAENN ORNFLAGEKD NVMSEIPTEYV LDVSFPASGN KVEKLIKKQS ESHFVDAQPE
QOQOREEGHKG RKGSLSSILG SLY

Bioactive fragment

AF, GF, GH, GR, VR, AR, PH,
ACE inhibitor PH, PH, ASL,
L, AEL

Antioxidative

VR, AF, DN, EH, GF, GH, IL,
PF, PH, PN, SK, TL, VL, VM,
VN

Dipeptidyl peptidase IV
inhibitor

Chart 4 - Predicted Potential of Obtaining Bioactive Peptides for 8S globulin.



79

Chart 4 (Continued)
B1NPNS8 - Protein sequence: MVRARIPLLL LLGILFLASL SVSFGIVHRE NIDGAEVSVS RGKNNPFYFN SDRWFHTLFR NOFGHLRVLQ
RFDORSKOQOMQ NLENYRVVEL MSKPNTLLLP HHADADFLLYV VLNGRAVLTL VNPDGRDSNI LEQGHAQKIP AGTTFFLVNP DDNENLRIK

LAVPVNNPHR FODFFLSSTE AQQQSYLQGFS KNILEASFDS DIKEISRVLF GEEGQQQQQG QESQQEGVIV ELKREQIREL TKHAKSSSKK
SLSSEDOPFN LRNOKPIYSN KLGRWFEITP EKNPOQLRDLD MFIRSVYDMKE GSLLLPHYNS KANILVINE GKANIELVGQ REQOQOKQOQEEQ

EESWEVOQRYR AELSEDDVFIIPATYPVAIN ATSNLNFFAF GINAENNORN FLAGEKDNVISEIPTEVLDV TFPASGEKVK KLIKKQSESQ
FVDAQPEQQE REEARKGGKG PFVY

Bioactive fragment

IR, VY, VK, AF, GH, GR, GK,

ACE inhibitor VR, OK, AR, PH, ASL, AVL,
I

: i ) VR, AFE, DN, GH, IL, IR, PF,
D'pept'dix'h?;?;'rdase K7 PH, PN, OF, SK, TL, VK, VL,
VN, VY

Chart 4 - Predicted Potential of Obtaining Bioactive Peptides for 8S globulin.
Protein sequence obtained from Uniprot database; Bioactive peptides fragments obtained fromm BIOPEP database.

The chart only presents the activities with A>0.05 at the profile of potencial biological activity.

A: frequency of occurence; Gl: gastrointestinal digestion.
A, Alanine; R, Arginine; N, Asparagine; D, Aspaurtic acid; C, Cysteine; Q, Glutamine; E, Glutamic acid; G, Glycine; H, Histidine; |, Isoleucine; L, Leucine;

K, Lysine; M, Methionine; F, Phenylalanine; P, Proline; S, Serine; T, Threonine; W, Tryptophan; Y, Tyrosine; V, Valine.



Vigna unguiculata (L.) Walp - Vicilin

AOA2U9KG6L 2 - Protein sequence: VHREHQESQ EESEPRGONN PFYFDSDRWF HTLFRNQYGH LRVLORFDOR SKQIONLENY RVVEFKSKPN
TLLLPHHADA DFLLVVLNGR AILTLVNPDG RDSYILEEGH AQKIPAGTTF FLVNPDDNEN LRIVKLAVSYVY NNPHRFOQDFF LSSTEAQQSY

LOGFSKNILE ASFGSDCKEINRVLFGEEEQ QQODEESQQE GVIVOLKREQ IRELMKHAKS TSKKSLSSON EPFNLRSOKP IYSNKFGRLH

EITPEKNPQL RDLDVFLTSV DMKEGGLFMP NYNSKAKNIL VVNKGEANIE LVGOQREQQQQ QQEESWEVQR YRAEVSEDDYV FVIPASYPVA

ITATSNLNFI AFGINAESNQ RNFLAGEEDN VMSEIPTEVL DVTFPASGEK VEKLINKQSD SHFTDAQPEQ QOREEDRKGR KGPLSSILDS LY

Bioactive fragment

ACE inhibitor GPL, GH, GR, PH, IL

Dipeptidyl peptidase IV SL, EH, GH, IL, IN, PH, PN,
inhibitor QY, SK, TL, VL, VN

Chart 5 - Predicted Potential of Obtaining Bioactive Peptides for Vicilin.
Protein sequence obtained from Uniprot database; Bioactive peptides fragments obtained from BIOPEP database.

The chart only presents the activities with A>0.05 at the profile of potencial biological activity.

A: frequency of occurence; Gl: gastrointestinal digestion.
A, Alanine; R, Arginine; N, Asparagine; D, Aspartic acid; C, Cysteine; Q, Glutamine; E, Glutamic acid; G, Glycine; H, Histidine; |, Isoleucine; L, Leucine;

K, Lysine; M, Methionine; F, Phenylalanine; P, Proline; S, Serine; T, Threonine; W, Tryptophan; Y, Tyrosine; V, Valine.
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