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Abstract: The increased mortality rates associated with antibiotic resistance has become a significant
public health problem worldwide. Living beings produce a variety of endogenous compounds to
defend themselves against exogenous pathogens. The knowledge of these endogenous compounds
may contribute to the development of improved bioactive ingredients with antimicrobial properties,
useful against conventional antibiotic resistance. Cowpea is an herbaceous legume of great interest
due to its high protein content and high productivity rates. The study of genetic homology of vicillin
(7S) from cowpea (Vigna unguiculata L.) with vicilins from soybean and other beans, such as adzuki, in
addition to the need for further studies about potential biological activities of this vegetable, led us to
seek the isolation of the vicilin fraction from cowpea and to evaluate the potential in vitro inhibitory
action of pathogenic microorganisms. The cowpea beta viginin protein was isolated, characterized,
and hydrolyzed in silico and in vitro by two enzymes, namely, pepsin and chymotrypsin. The
antimicrobial activity of the protein hydrolysate fractions of cowpea flour was evaluated against
Staphylococcus aureus and Pseudomonas aeruginosa, confirming the potential use of the peptides as
innovative antimicrobial agents.

Keywords: Vigna unguiculata L.; vicilin; cowpea bean; antimicrobial peptides; fibroblasts cell line

1. Introduction

The average mortality caused by bacterial resistance to antibiotics is expected to reach
about 10 million people by 2050 globally, but with a higher rate in sub-Saharan African
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countries due to limited access to viable drugs [1]. In countries of higher income, antibiotic
resistance results from the intensive and/or inappropriate use of antimicrobial drugs,
triggering prominent multiresistant microorganisms. In addition, the report of new cases of
resistance has been higher than the number of new drug substances with antibiotic activity
that are being launched on the market [2].

Living beings produce a variety of substances against invasive pathogens. Improving
the bioactive compounds from these organisms is therefore of great interest in searching for
promising alternatives over conventional antibiotic drugs. In recent years, legume proteins
have gained prominence, mainly due to the rapid expansion of knowledge about their
bioactive peptides [3].

Peptides derived from legume seed proteins have been described to show various
biological activities in vitro and in vivo, namely, with effects on the control of hunger [4],
on the cardiovascular system [5,6], on inflammatory processes [7], cancer [8], and also with
antimicrobial activity [9,10]. Antimicrobial peptides (AMPs) are a new class of biopharma-
ceuticals widely studied as important therapeutic alternatives [11].

AMPs are small molecules, playing an essential part of the defense system from var-
ious plant species [12]. These peptides are considered multifunctional since they show
antibacterial, antifungal, antiparasitic, and antiviral properties, in addition to some anti-
tumoral activity, capacity for insulin release, and immunomodulatory response mediated
by cytokines [13]. Recently, several studies describe the action of peptides obtained from
the digestion of legume proteins with antimicrobial properties [9,10]. There is growing
interest in the production of food protein hydrolysates for potential therapeutic applica-
tions. Therefore, the ability of proteins to generate peptides during their gastrointestinal
digestion, with favorable characteristics to reach the bloodstream, has been considered a
fundamental condition [14]. Furthermore, the knowledge about the sequence of peptides is
instrumental to understand the correlation between the composition of hydrolysates and
their biological activity [14].

Peptides from the leguminous species Vigna unguiculata (L.) Walp, popularly known
as cowpea, can be a natural and abundant source for the commercial production of an-
timicrobial peptides [15], since their dried seeds are a valuable source of proteins. The
protein content of the seeds varies from 20 to 35%, with 7S globulins being the primary
reserve proteins of cowpea [16,17]. Cowpea also has a genetic similarity with soybeans
(64%) and adzuki beans (81%), and studies have shown that these legumes have significant
antimicrobial, anticancer, antidiabetic, antioxidant, and hypocholesterolemic activities. In
addition, V. unguiculata stands out for its low production cost, high nutritional value, and
is abundant in the northeast region of Brazil [18]. The present study aimed to identify
and characterize the beta vignin protein and its protein hydrolysates from cowpea with
antimicrobial potential for use in pharmaceutics.

2. Materials and Methods
2.1. Materials

Cowpea (Vigna unguiculata, L. Walp) seeds were kindly providedby Dr. RogérioFaria
Vieira (Agricultural Research Company from Minas Gerais at the Federal University of
Viçosa, Minas Gerais, Brazil). All others reagents were bought fromSigma-Aldrich (San
Luis, MO, USA).

2.2. Preparation of Cowpea Flour

The seeds were selected and soaked in distilled water at 4 ◦C for 12 h. Afterward, the
seeds were dried in an oven at 50 ◦C for 12 h and powdered to 60 mesh size. The flour was
stored at 4 ◦C and used for protein extraction.

2.3. Isolation of Cowpea β-Vignin

The β-vignin was isolated according to the methods described by Ferreira et al.
(2015) [19]. Aliquots of the isolated protein (80 mg of β-vignin) were solubilized in potas-
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sium phosphate solution (0.05 M) at pH 7.5, NaCl (0.5 M), and sodium azide (0.01%), for a
Sepharose CL-6B column (1.0 cm × 100 cm) with filtration. The flow rate was 0.45 mL/min,
and the protein elution was monitored by measuring the absorbance at 280 nm. The major
fraction (peak tube) was dialyzed, precipitated, and lyophilized. The protein concentration
was determined as described by Lowry et al. (1951) [20].

2.4. Gel Electrophoresis

Samples of total protein extract and β-vignin isolated by chromatography were an-
alyzed by one-dimensional sodium dodecyl sulfate–polyacrylamide gel electrophoresis
(SDS–PAGE), as described by Laemlli (1970) [21], using an electrophoresis system Hoefer-
MiniVE (Amersham Biosciences®, Hercules, CA, EUA). Aliquots of 10 µg of the sample
were applied to the gel, and low molecular weight proteins (between 97 and 14.4 kDa) were
used as molecular markers (GE Healthcare®, Little Chalfont, UK). The gel images were
analyzed by the software AlphaEase® (Alpha Innotech, San Leandro, CA, USA).

2.5. Enzymatic Hydrolysis and Fractionation

β-vignin was hydrolyzed in vitro according to the procedure described by Akeson and
Stahman (1964) [22]. Enzymatic hydrolysis was performed with pepsin and chymotrypsin.
To perform pepsin (EC 34231) hydrolysis, a 1:66 enzyme/substrate ratio was used at 37 ◦C
for 3 h (pH = 2.0); for chymotrypsin (EC3421), a 1:25 enzyme/substrate ratio was used at
37 ◦C for 3 h (pH 7.0). The total hydrolyzed extract was ultrafiltered from >30 kDa to >3 kDa
(MWCO) using ultrafiltration membrane filters (Merck® Millipore, Darmstadt, Germany).

2.6. High-Performance Liquid Chromatography

The chromatographic profiles of the hydrolyzate of the fractions containing 30–10 kDa
and 10–3 kDa peptides were determined by high-performance liquid chromatography
(HPLC) using a PerkinElmer system with a reversed-phase column (C18 × 0.45 cm × 25 cm)
and a UV/VIS detector (HPLC, PerkinElmer system, Waltham, MA, USA). The gradient
was used for 10 min at 95% A and 50 min to reach 25% B. The solvent system comprised
0.045% trifluoroacetic acid in ultrapure water (A) and 0.036% trifluoroacetic acid in acetoni-
trile (B), with a flow rate of 1.0 mL/min at temperature of 30 ◦C. Readings were recorded
at 220 nm.

2.7. In Silico Screening of Peptides with Antimicrobial Properties

The primary sequences of β-vignin (NCBI/GenBank Blast: AM905848 and UniPro-
tKB: A8YQH5_VIGUN), adzuki bean 7S globulin (NCBI/GenBank Blouse: AB292246.1;
UniProtKB: A4PI98_PHAAN), and α subunit of soybean β-conglycinin (NCBI)/GenBank
Blast: AY221105.1; UniProtKB: UniProtKB: GLCAP_SOYBN) were compared with protein
modeling software [23]. Then, the β-vignin primary sequence was virtually hydrolyzed by
the sequential action of the enzymes pepsin (EC 3.4.23.1) and chymotrypsin (EC 3.4.21.1),
as available on the BIOPEP server [24]. Subsequently, the probability of bioactivity of
β-vignin-derived peptides was analyzed according to the physicochemical characteristics
that were presented.

2.8. Minimum Inhibitory Concentration

Minimum inhibitory concentration (MIC) assays for the peptides were performed
using the microdilution technique following the National Committee for Clinical Labo-
ratory Standards guidelines [25]. Strains of the Staphylococcus aureus (ATCC 25923) and
Pseudomonas aeruginosa (ATCC27853) were used. Colonies were harvested and resuspended
to 1.5 × 108 CFU/mL (turbidity equivalent to 0.5 McFarland standard scale). Samples of
hydrolyzed proteins and total proteins were diluted in dimethyl sulfoxide at concentrations
ranging from 1.0 through 0.0019531 mg/mL, and added to Mueller–Hinton broth (Merck,
Darmstadt, Germany). The negative control was 0.1 mL of Mueller–Hinton broth, and the
positive control was ciprofloxacin (Merck, Darmstadt, Germany). Plates were incubated at
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37 ◦C for 24 h. At the end of the incubation time, MIC was visually identified as the lowest
concentration of the test compound that inhibits visible growth.

2.9. Agar Disk Diffusion Method

The agar disk diffusion method was carried out according to the National Committee
for Clinical Laboratory Standards guidelines [26]. Bacterial suspensions were cultured in
Mueller–Hinton broth for 24 h at 35 ◦C, standardized in sterile saline solution (0.9%) at a
concentration of 108 CFU/mL, a 0.5 McFarland standard. The strains were sown with the
sterile swab. After 10 min, three holes were made on the surface of the inoculated medium
using light pressure, and the peptides were inserted according to their minimum inhibitory
concentration values. The plates were incubated in a bacteriological oven at 37 ◦C for 24 h.
The antimicrobial activity results of the tested sample were expressed through the diameter
size of the inhibition halo.

2.10. Cell Viability in L929 Cell-Line

The human fibroblast line-L929 was used for the colorimetric method using methyl-
thiazolyl-tetrazolium (MTT assay), following the ISO 10993-5 (2009) guidelines [27]. L929 cells
were seeded in 96-well culture plates (2 × 104 cells/well). A solution of MTT was placed
in contact with the cells, and then incubated at 37 ◦C for 3 h. After removal of the MTT,
dimethyl sulfoxide was placed for solubilization of the tetrazole salt crystals. Then, the
optical density reading was performed on an automated plate reader at 570 nm wavelength.
The tests were conducted in quadruplicate and then normalized [28]. The results are
expressed as a relative percentage of cell viability compared to the control, calculated by
applying the following equation:

CV (%) =
Absample

Abcontrol
× 100

where CV (%) is the percentage of cell viability, Absample is the absorbance recorded for the
sample, and Abcontrol is the absorbance recorded for the control.

3. Results

The spectrochromatographic profile of the cowpea 7S protein isolate on the Sepharose
CL 6B column showed a single absorbance peak in tube 78 (Figure 1). Electrophoresis indi-
cated that 7S globulins represent the major proteins of cowpea, being composed of bands
corresponding to two significant polypeptides (55 to 60 kDa). Other smaller bands were
registered by polyacrylamide gel electrophoresis of the protein fractions (Figure 2). The
recorded data ensured the identification and quantification the β-vignin protein, resulting
in a 50% yield of the 7S fraction of cowpea extract.
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Figure 1. Spectrochromatographic profile of cowpea 7S protein isolate on a Sepharose CL 6B column.
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Figure 2. Polyacrylamide gel electrophoresis of protein fractions from cowpea. The columns represent
the protein marker (A), the total protein extract (B), the defatted and purified beta vignin (C), and
finally, the enzymatic hydrolysis (D,E).

The chromatographic profiles of the protein hydrolyzate of the 30–10 kDa and 10–3 kDa
fractions of chymotrypsin (A and B) and in vitro pepsin hydrolyzate (C and D) of beta
vignin are shown in Figure 3. The registered peaks are the indication of peptides present in
samples under study. Although many peptides were produced by this protocol (Table 1),
few significant peaks were observed in the 30–10 kDa hydrolysates for both enzymes.
There was higher peak intensity in this case, but the retention times were the same. For
hydrolyzates < 30 kDa, the test was not performed since the column would not support
this molecular weight, causing the clogging of the column.
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Table 1. Quantification of the fraction consisting of peptides larger than 30, 30–10, and 10–3 kDa.

Peptides Fractions Chymotrypsin (mg/mL) Pepsin (mg/mL)

>30 kDa 33.7 45.0
30–10 kDa 2.48 3.9.0
10–3 kDa 2.48 5.39

The computer simulation of enzymatic hydrolysis performed on cowpea beta vignin
produced hundreds of peptide fragments. Most predicted bioactive peptides (Tables 2 and 3)
have between 10 and 30 amino acid residues, molecular mass from 1 to 5 kDa, with
hydrophobicity values ranging from 0.9 to −0.1 kcal, positive charge ranging from +2 to 4.1,
and predominance of the hydrophobic residues, namely, phenylalanine, tyrosine, or leucine.
According to the simulation, the peptides that presented the most favorable characteristics
and prediction for antimicrobial activity were those numbered 7 and 21 (Table 2) for protein
hydrolyzates with chymotrypsin, and peptides numbered 19 and 21 (Table 3) for protein
hydrolyzates with pepsin.

Table 2. Screening prediction of β-vignin-derived peptides from cowpea hydrolyzed with chy-
motrypsin in silico and their characteristics of isoelectric point, molecular mass, and high-performance
chromatography time.

Peptide Localization Molecular Mass Charge Hydrophobicity Ip Sequence

1 1–10 1083.72 0.0 −1.5 5.70 VPLLLLGVLF

2 11–18 823.46 0.0 −0.9 5.70 LASLSVSF

3 19–41 2632.22 −1.8 0.6 5.52 GIVHRGHQESQEESEPRGQNNPF

4 44–48 678.28 −1.0 1.2 3.71 DSDRW

7 58–66 1125.66 2.1 −0.2 12.50 GHLRVLQRF

8 67–79 1635.81 0.0 0.6 6.57 DQRSKQIQNLENY

9 80–84 649.37 0.0 0.1 6.36 RVVEF

10 85–101 1903.97 −0.8 0.0 6.18 QSKPNTLLLPHHADADF

11 102–123 2398.35 0.0 −0.3 6.05 LLVVLNGRAILTLVNPDGRDSY

12 124–139 1698.88 0.0 −0.3 7.20 ILEQGHAQKTPAGTTF

13 141–165 2923.56 0.2 0.1 7.37 LVNHDDNENLRIVKLAVPVNNPHRF

14 170–179 1113.51 −1.0 −0.1 3.85 LSSTEAQQSY

15 180–183 464.25 0.0 −1.0 5.70 LQGF

16 184–192 1008.54 0.0 0.0 5.91 SKNILEASF

17 193–196 483.17 −2.0 1.0 −0.01 DSDF

18 197–204 1018.60 1.0 0.2 9.00 KEINRVLF

19 205–252 5612.82 −1.9 0.9 5.35 GEEEQKQQDEESQQEGVIVQLKREQ
IRELMKHAKSTSKKSLSTQNEPF

20 253–261 1118.63 2.0 0.1 10.30 NLRSQKPIY

22 266–285 2377.26 −0.9 0.5 5.55 GRLHEITPEKNPQLRDLDVF

23 286–301 1749.91 −1.0 −0.2 4.13 LTSVDIKEGGLLMPNY

24 302–335 3893.02 −2.0 0.2 4.69 NSKAIVILVVNKGEANIELVGQREQQQQ
QQEESW

25 336–340 694.35 0.0 0.5 6.36 EVQRY

26 341–350 1152.52 −3.0 0.9 2.92 RAEVSDDDVF

27 351–368 1878.00 0.0 −0.8 5.69 VIPASYPVAITATSNLNF

28 372–382 1276.60 0.0 0.2 6.36 GINAENNQRNF

29 383–422 4403.16 −5.9 0.4 4.10 LAGEEDNVMSEIPTEVLDVTFPASGE
KVEKLINKQSDSHF

30 423–433 1343.67 0.1 1.5 7.21 TDHSSKREERV
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Table 3. Screening prediction of β-vignin-derived peptides from cowpea hydrolyzed with pepsin in
silico and their characteristics of isoelectric point, molecular mass, and high-performance chromatog-
raphy time.

Peptide Localization Molecular Mass Charge Hydrophobicity Ip Sequence

1 19–41 2632.75 −1.8 0.6 5.40 GIVHRGHQESQEESEPRGQNNPF

2 44–49 824.85 −1.0 0.6 4.21 DSDRWF

3 54–60 886.97 1.1 −0.2 8.75 RNQYGHL

4 67–76 1229.36 1.0 0.6 8.75 DQRSKQIQNL

5 77–84 1055.16 −1.0 0.2 4.53 ENYRVVEF -

6 85–91 786.88 1.0 0.2 8.75 QSKPNTL

7 94–101 908.93 −1.8 0.2 5.05 PHHADADF

8 107–112 642.76 1.0 −0.1 9.75 NGRAIL

9 115–125 1248.36 −1.0 0.2 4.21 VNPDGRDSYIL

10 126–139 1472.58 0.1 0.1 6.85 EQGHAQKTPAGTTF

11 142–150 1069.05 −2.9 0.6 4.02 VNHDDNENL

12 151–155 627.83 2.0 0.2 11.00 RIVKL

13 156–165 1150.31 1.1 −0.3 9.80 AVPVNNPHRF

14 171–180 1113.15 −1.0 −0.1 4.00 SSTEAQQSYL

16 197–203 871.05 1.0 0.6 8.75 KEINRVL

17 205–225 2430.52 −6.0 0.9 3.77 GEEEQKQQDEESQQEGVIVQL

18 226–233 1071.24 1.0 1.4 8.75 KREQIREL

19 234–245 1345.62 4.1 0.7 10.48 MKHAKSTSKKSL

20 246–252 821.84 −1.0 0.1 4.00 STQNEPF

21 255–265 1367.57 3.0 0.3 10.29 RSQKPIYSNKF

22 269–279 1305.45 −0.9 0.4 5.40 HEITPEKNPQL

23 287–296 1018.13 −1.0 0.4 4.37 TSVDIKEGGL

24 298–309 1362.65 1.0 −0.6 8.34 MPNYNSKAIVIL

25 310–320 1185.34 −1.0 0.2 4.53 VVNKGEANIEL

26 321–350 3697.85 −5.0 0.7 4.12 VGQREQQQQQQEESWEVQRYRAEVSDDDVF

27 351–366 1616.87 0.0 −0.8 5.49 VIPASYPVAITATSNL

28 372–382 1276.33 0.0 0.2 6.00 GINAENNQRNF

29 384–399 1732.88 −5.0 0.4 3.45 AGEEDNVMSEIPTEVL

30 404–413 1057.21 0.0 0.9 6.56 PASGEKVEKL

31 414–422 1075.15 0.1 0.2 6.74 INKQSDSHF

32 423–437 1.343.42 0.1 1.5 6.43 TDHSSKREERV

These MIC values were recorded against two main strains, selected on the basis of commonly
reported clinical diagnostic infections, as examples of Gram-positive (Staphylococcus aureus) and
Gram-negative (Pseudomonas aeruginosa) bacteria. Staphylococcus aureus is one of the most
common human pathogens and Pseudomonas aeruginosa is a common cause of nosocomial
pneumonia, urinary tract infection, and surgical site infection. It has become a less frequent
cause of bacteremia in patients with neutropenia in most parts of the world, but remains
the most important pathogen in patients with cystic fibrosis. The MIC values for all peptide
hydrolyzates were 512 µg/mL against Pseudomonas aeruginosa and Staphylococcus aureus
(Table 4). These results shown in Table 2 do not depict the fraction of peptides with the
highest antimicrobial activity since the hydrolyzates presented the same MIC. However,
when evaluated by the disk diffusion test, the protein hydrolyzates of both enzymes
showed bacterial inhibition and dose-dependent effect against the tested strains (Table 5).
In general, larger inhibition halos were observed for pepsin hydrolyzates for Staphylococcus
aureus (with a diameter of 11.11 mm at a concentration of 250 µg/mL and 12.1 mm at a
concentration of 500 µg/mL) and Pseudomonas aeruginosa at a concentration of 500 µg/mL
(10.9 mm in diameter).
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Table 4. MIC of fractionated protein hydrolysates of cowpea 7S globulin against Pseudomonas
aeruginosa and Staphylococcus aureus. Results are expressed as (µg/mL) the mean ± standard deviation
(n = 4).

Strains Samples Chymotrypsin Pepsin

Staphylococcus aureus

>30 kDa 512 512.00
30–10 kDa 512 512
10–3 kDa 512 512

Ciprofloxacin 0.125 0.125

Pseudomonas aeruginosa

>30 kDa 512 512
30–10 kDa 512 512
10–3 kDa 512 512

Ciprofloxacin 0.125 0.125

Table 5. Antimicrobial activity of cowpea beta vignin total protein hydrolyzate against Gram-positive
and Gram-negative bacteria indicated by halo inhibition (mm) at two concentrations.

Bacteria Chymotrypsin Pepsin

250 µg/mL
Staphylococcus aureus 9.00 11.11
Pseudomonas aeruginosa 10.80 9.99

500 µg/mL
Staphylococcus aureus 11.00 12.10
Pseudomonas aeruginosa 10.90 13.66

The inhibitory effect of the derivatives of the hydrolysis of beta vignin with pepsin
on the proliferation of mammalian cells at a concentration of 512 µg/mL was greater than
80%, indicating biocompatibility (Figure 4A). However, for the chymotrypsin hydrolysates
(Figure 4B) at a concentration of 512 µg/mL, the sample showed cytotoxicity (48% cell
viability). For the other concentrations of chymotrypsin hydrolysates, cytotoxicity can be
considered insignificant for mammalian cells.
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Figure 4. Evaluation of the viability of L929 human fibroblasts determined by the MTT assay after 
24 h of incubation in pepsin (A) and chymotrypsin (B) hydrolysates. 

0%

20%

40%

60%

80%

100%

120%

140%

160%

512 256 128 64 32 Controle -

Vi
ab

ili
ty

Concentration (microg/mL)

0%

20%

40%

60%

80%

100%

120%

512 256 128 64 32 Controle -

Vi
ab

ili
ty

Concentration (microg/mL)

Figure 4. Evaluation of the viability of L929 human fibroblasts determined by the MTT assay after
24 h of incubation in pepsin (A) and chymotrypsin (B) hydrolysates.
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4. Discussion

Globins constitute about 80% of the total protein in cowpea [29]. Studies indicate that
this protein fraction is formed mainly by α-, β-, and γ-vignin proteins. However, in our
study we found 7S globulins (β-vignina), the main proteins in cowpea, with a yield similar
to that reported in the literature [6,19].

Our study demonstrated that the total globulin fraction consists of eight polypeptide
chains (Figure 2B). However, the β-vignin protein obtained by chromatography had three
polypeptide chains (Figure 2C), comprising two main glycosylated polypeptide chains with
50 and 55 kDa molecular weights. According to the literature, β-vignin is composed of two
main chains of glycosylated polypeptides with molecular weights of 60 and 55 kDa and
other smaller chains [30]. However, under denaturing and reducing conditions, cowpea
vicilins are a heterogeneous mixture of polypeptides of various sizes [19,29,31]. Molecular
mass analysis by electrophoresis showed a difference between the values calculated from
the amino acid sequences. These differences are attributed to the glycosylation that these
polypeptides undergo in the post-translational processing of their precursors [17].

The computer simulation of enzymatic hydrolysis performed on beta vignin from
cowpea produced hundreds of peptide fragments, most of them with a molecular mass of
1 to 5 kDa. Although expected, this same pattern was not observed when this enzymatic
proteolysis was performed in vitro. There was a higher amount of hydrolyzates with
molecular mass greater than 30 kDa when compared to the other fractions. However,
some peaks in the chromatographic samples were seen, showing many peptides within
the samples under study. Several review studies do highlight the therapeutic potential of
food-derived bioactive peptides, which have an antimicrobial function [32]. In our work,
we used bacterial strains of Pseudomonas aeruginosa and Staphylococcus aureus to determine
the MIC. The MIC value for all hydrolyzates was the same (512 µg/mL) when evaluated
in both bacterial strains. There is no consensus on the acceptable standard for hydrolyzed
protein isolates of legume proteins compared to conventional antibiotics. Some authors
consider results only similar to known antibiotics, provided they work with a fraction
already determined. In the present study, we did not work with the predetermined peptide
fraction of beta vignin of cowpea. We followed the criteria suggested by Holetz et al.
(2002) [33] and Carvalho et al. (2014) [34], who consider that a MIC below 100 mg/mL has
appropriate antimicrobial activity and while concentrations above 500 mg/mL have poor
activity and are difficult to use in the treatment of bacterial infections.

The antimicrobial activity of peptides is primarily based on the interaction between
the peptide structure and the microorganism’s cell membrane [35]. Because of their cationic
or amphiphilic character, peptides bind to lipid membranes because of the attraction of the
arginine and lysine residues of the peptide structure to the phospholipids present in the
bilayer and through the interaction between the hydrophobic amino acid residues of the
peptide and the membrane. These interactions allow the peptides to cross the lipid bilayer
and reach the inner side of the cell, causing membrane dysfunction through the formation
of pores with extravasation of ions and metabolites, depolarization, loss of membrane
coupled respiration, and, ultimately, cell death [35–37].

Previous studies have highlighted the difficulty in identifying bioactive peptides de-
rived from enzymatic proteolysis due to the significant variability of the primary sequences
that were found [38,39]. Therefore, an in silico simulation was performed, during which it
was possible to identify four hydrolyzates that could show more favorable characteristics
and prediction for antimicrobial activity. These hydrolyzates are small sequences with a
mass of less than 3 kDa. However, it is worth noting that a pool of peptides that were not
yet isolated was used in our study, and they may be modulating the antimicrobial activity
evaluated against S. aureus and P. aeruginosa. The dissociation of these peptides into even
smaller fractions is necessary to identify and isolate the peptide with the best antimicrobial
activity [40].

In addition, it is worth considering that Pseudomonas aeruginosa species becomes
increasingly difficult to control due to a diversity of intrinsic and acquired drug-resistance
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mechanisms [41]. There are even records in the literature of resistance to some antimicrobial
peptides against Gram-negative bacteria [42].

For the cytotoxicity evaluation, the MTT test was used against fibroblast cell line-L929
as recommended in the ISO 10993/2009 guideline [27]. Additionally, the L929 is highly
proliferative and is widely used in cytotoxicity testing, mainly to check toxicity toward
cellular viability and proliferation. Fibroblast cells are the most common cells of all types of
connective tissues, being actively engaged in the synthesis and upkeep of the collagenous
extracellular matrix, and also modulating adjacent cell behavior, including migration,
proliferation, and differentiation. In this way, biological evaluation with fibroblast cell
cultures might be regarded as a general bioassay, providing reliable information concerning
basal cytotoxicity. The results showed that the hydrolyzed fractions of beta vignin from
cowpea generally have low cytotoxicity (Figure 4). Thus, the peptide fractions used in the
present work are safe and show antimicrobial potential. The unfolding is exactly in the
sequencing and identification of the major peptides of this fraction, bearing in mind that
the MIC of beta vignin protein hydrolyzates showed satisfactory concentrations.

5. Conclusions

Cowpea protein hydrolyzatesare shownto be safe and can be considered a poten-
tial alternative for developing innovative antimicrobials. Further studies of the peptide
composition on amino acid sequences of beta vignin are needed to understand the structure–
activity relationships of these peptides to elucidate their antimicrobial mechanisms of action
and possible applicability in the market as new biotechnological drugs for human health or
in the construction of transgenic plants with resistance to pathogens.
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