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Protein fraction from Sesbania virgata
(Cav.) Pers. seeds exhibit antioxidant
and antifungal activities
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Abstract: Sesbania virgata (Cav.) Pers. seeds are protein sources with health and
environmental benefits. In this research, proteins with lectin activity were identified in
a protein fraction from S. virgata seeds (PFLA), as well its antioxidant and antimicrobial
potentials, in addition to cytotoxic effects. To obtain PFLA, seed flour was homogenized
in Glycine-NaOH (100 mM; pH 9.0; NaCl 150 mM) and precipitated in ammonium sulfate.
PFLA concentrates bioactive lectins (32 HU/mL, 480 HU/gFa, 18.862 HU/mgP) and
essential amino acids (13.36 g/100g protein). PFLA exerts antioxidant activity, acting as a
promising metal chelating agent (~77% of activity). Analyzes of cell culture assay results
suggest that antioxidant activity of PFLA may be associated with the recruitment of
essential molecules to prevent the metabolic impairment of cells exposed to oxidative
stress. PFLA (256 — 512 pg/mL) also exhibits antifungal activity, inhibiting the growth
of Aspergillus flavus, Candida albicans, Candida tropicalis and Penicillium citrinum.
Cytotoxic analysis indicates a tendency of low interference in the proliferation of 3T3 and
HepG2 cells in the range of PFLA concentrations with biological activity. These findings
support the notion that PFLA is a promising adjuvant to be applied in current policies
on the management of metal ion chelation and fungal infections.
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of profound research interest (Ohanenye et al.
2022).

The Fabaceae family (aka Leguminosae) is a
widely distributed and economically important
human food staple (Mohammed & Qoronfleh
2020). Legume have been part of human nutrition
for centuries and are used in folk medicine
as products with multidirectional medicinal
effects. Beans, peas, peanuts, chickpeas, lentils,
broad beans and soybeans are edible legume
species (Grden & Jakubczyk 2023). In particular,
the increasing legume seed consumption as a
strategy for enhancing food security, reducing
malnutrition, and improving health outcomes
on a global scale remains an ongoing subject

Sesbania virgata (Cav.) Pers. (Fabaceae)
is a fast-growing shrub popularly known as
“saranzinho”, “mae-josé” and “feijaozinho”
widely distributed in riparian forests of South,
Southeast and Midwest regions of Brazil,
Argentina, Uruguay, and Paraguay (Dutra et al.
2019). In the last decade, S. virgata also began
to colonize riverbanks in the Brazilian Northeast
(Teixeira et al. 2018). This adaptive plasticity has
been encouraging farmers to use S. virgata to
improve food production and recover degraded
areas (Evans & Rotar 2020). In India, numerous
species of Sesbania are used in folk medicine for
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the treatment of epileptic seizures (Kasture et
al. 2002), dysentery, fever, headaches, smallpox,
and stomatitis (Hasan et al. 2012). In Africa and
Australia, S. virgata is widely used as a protein
source for ruminants (Gutteridge et al. 1995,
Gutteridge 1994), and in Argentina, Bangladesh
and India, S. virgata is an edible plant (Hossain
& Becker 2001, Siddhuraju et al. 1995).

In the last 10 years, a promising growth
has been observed in the awareness of
nutraceuticals, and its use as therapeutic
supplements is now recognized as part of
Complementary and Alternative Medicine (Puri
et al. 2022). Nutraceuticals are compounds
present in foods that have beneficial effects on
human health and wellness. These compounds
include vitamins, flavonoids, polyunsaturated
fatty acids, dietary fibers, minerals, peptides,
and proteins (Chandra et al. 2022). Protein plants,
especially, have been the subject of growing
interest from researchers and consumers due
to its potential health benefits, as well as its
positive environmental impact, in addition to
offering unique advantages in the production
of pharmaceuticals for humans and animals
(Liu & Timko 2022, S& et al. 2022, Ahnen et al.
2019). In previous analyses (Sa et al. 2021), we
revealed that S. virgata seeds are promising
sources of proteins (among the investigated
macronutrients, 60.8% were proteins) capable
of being functionalized in formulations for
numerous purposes.

The biological properties of plant protein-
derived formulations may be associated with
lectins, a special protein class available in all
tissues and organs plant that have at least
one non-catalytic domain capable of bringing
reversible and specifically to mono- or
oligosaccharides (Van Damme 2022). Despite
their strong similarity on the level of their
amino acid sequences and tertiary structures,
their carbohydrate specificities and quaternary
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structures vary widely (Loris et al. 1998). Legume
lectins, in special, exhibit considerable variation
in their quaternary structure arising out of small
changes in their sequence, enabling numerous
interactions and biological activities (Srinivas et
al. 2001). Legume lectins can serve as potential
target molecules for developing practical
applications in the fields of food; agriculture;
health and pharmaceutical research (Lagarda-
Diaz et al. 2017).

Although some studies on obtaining and
isolation of lectins from Sesbania species are
available (Sultana et al. 2019, Biswas et al.
2009a, Hossain et al. 2001), none discuss its
prospection on S. virgata seeds. Therefore, in
order to start filling the existing void about
knowledge regarding the biotechnological
potential of proteins from S. virgata seeds, we
identified the presence of proteins with lectin
activity in S. virgata seeds, as well its antioxidant
and antimicrobial potentials, in addition to
cytotoxic effects. Our analyzes will contribute to
the development of several industry sectors by
offering insights on alternative adjuvants based
on a plant ineffectively exploited in Brazil.

MATERIALS AND METHODS

The project was approved by the Research Ethics
Committee of Universidade Federal da Paraiba
(CEUA/UFPB n. 178/2015), and registered on
Plataforma Brasil (CAAE: 51873021.0.0000.5537),
a unified national database of research records
(Brazil).

Equipment, chemicals and drugs

Milli-Q system (Millipore®, USA), Incubator
Themoforma Serie Il Water CO, Model 3110
(Thermo Scientific™ Forma™, USA), Centrifuge
model 5430 R (Eppendorf, Germany), High-
Performance Liquid Chromatograph (VARIAN,
Waters 2690, USA) with C18 LUNA 100 A column
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(4.6 mm x 250 mm:; 5.0 pm particle; Phenomenex,
USA), and UV-Vis Spectrophotometer model UV-
1800 (Shimadzu Corp., Japan). Bovine serum
albumin, bovine trypsin, Coomassie Brilliant
Blue (G-250 and R-250), carbohydrates, DL-
2-aminobutyric acid, DL-BApNA (DL-benzoyl-
arginine-p-nitroanilide), ferrozine, L-glutamine,
polyethylene glycol 400, pyrocatechol violet,
regenerated cellulose membrane (14 kDa),
RPMI-1640 medium, sodium dodecyl sulfate
(SDS), synthetic antimicrobials (nystatin,
fluconazole and chloramphenicol) and
thioglycol were acquired from Sigma-Aldrich
(USA). Colorimetric reagent Folin-Ciocalteu,
copper Il sulfate pentahydrate, iron chloride,
iron Il chloride, MTT (3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide) and
trichloroacetic acid (TCA) were acquired from
Merck (Germany). Ethylenediamine tetra acetic
acid (EDTA) and potassium ferricyanide were
acquired from Vetec Quimica Fina Ltda (Brazil).
Dulbecco’s modified Eagle’s medium (DMEM)
and fetal bovine serum (FBS) were acquired
from Cultilab (Brazil). The Brain Heart Infusion
broth (BHI), Nutrient Agar (NA) and Sabouraud
Dextrose Agar (SDA) were acquired from Difco
Laboratories (France). Ethylalcoholand hydrogen
peroxide were acquired from CRQ (Brazil). Gallic
acid, iron Il sulfate, metal ions (Ca, Mg and Mn),
resazurin dye, sodium phosphate and sodium
salicylate were acquired from Casa da Quimica
Ind. E Com. (Brazil), CRB — Cromato Produtos
Quimicos Ltda (Brazil), Dindmica Quimica
Contemporanea (Brazil), INLAB (Brazil), Diadma
(Brazil) and FLUKA (Germany), respectively. The
high molecular mass markers (225 - 12 kDa)
were acquired from GE Healthcare (Amersham™
ECL™ Rainbow™, USA) and all reagents were of
analytical grade.
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Plant collection, protein extraction and obtai-
ning PFLA

Sesbania virgata was collected in Joao Pessoa-
PB, Brazil (7°09'51.8"S 34°54'011"W), in October
2016, under SisGen (Sistema Nacional de Gestao
do Patrimdnio Genético e do Conhecimento
Tradicional Associado) regulations (SisGen n.
A1C2041). A specimen (voucher JPB n. 6319) was
deposited at the Professor Lauro Pires Xavier
Herbarium, Joao Pessoa-PB, Brazil.

Healthy and mature S. virgata seeds
were set to dry for five days, pulverized in an
electric mill and delipidated in n-hexane. After
evaporation of n-hexane, the resulting material
was homogenized (1:15, w/v) in different
extractor systems: Glycine-HCl (100 mM; pH 2.6;
NaCl 150 mM), Glycine-NaOH (100 mM; pH 9.0;
NaCl 150 mM), Tris-HCL (100 mM; pH 7.4; NaCl 150
mM), Tris-NaOH (100 mM; pH 7.2; NaCl 150 mM),
NaCl 150 mM, and distilled water. The extracts
remained for 1, 4, 19, 22 and 24 h on magnetic
stirring, at 25 °C, with subsequent centrifugation
(7.000 x g, 20 min, 4 °C). The supernatants were
collected and used in the detection of lectin
activity, according to Lectin activity assay.

The crude extract (CE) that presented more
potent lectin activity (based on HU values) was
fractionated by the Osborne (1924) method to
obtain albumin, globulin, prolamin, and glutelin
fractions; and precipitated in ammonium sulfate
(Scopes 1994), under five saturation intervals
(w/v): 0-20%, 20-40%, 40-60%, 60-80%, and 80-
100%. Each fraction was exhaustively dialyzed
against distilled water in a regenerated cellulose
membrane (14 kDa), lyophilized, and its lectin
activity tested. The fraction that presented more
potent lectin activity (based on HU values) was
named Protein Fraction with Lectin Activity
(PFLA).
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Lectin activity assay

The lectin activity was macroscopically detected
by hemagglutination assays (Debray et al. 1981),
using 3% native erythrocyte of Oryctolagus
cuniculus (CEUA/UFPB n. 178/2015). The tests
were carried out in triplicate, by serial dilution.
The negative control was performed with a NaCl
150 mM. The presence of hemagglutination was
determined by direct visualization at different
times (30, 60, 120, 1080, and 1440 minutes).
The results were expressed as inverse of the
titration from highest dilution with visible
hemagglutination (HU/mL), as well as the
number of hemagglutinating units per milligram
of protein (HU/mgP) and per gram of flour (HU/
gF).

Antioxidant activity

Total antioxidant activity of PFLA (500, 100, 10
and 1 pug/mL) was evaluated by the reducing
power (Yen & Chen 1995), iron-chelating (Dinis
et al. 1994), copper-chelating (Anton 1960),
and hydroxyl-scavenging (Dasgupta & De 2007)
assays. The results of reducing power assay were
expressed asthe percentage of activity for0.1mg/
mL (highest activity) of ascorbic acid. The results
of the copper- and iron-chelating assays were
expressed as the percentage of chelating effect,
using the following Equation: Chelating Effect (%)
= [(Ac - A,;,) / Acl x 100, where Ac: absorbance
of control tube, and A__ ,: absorbance of PFLA.
The results of hydroxyl-scavenging assay were
expressed according to the following Equation:
Radical Scavenging (%) = [(Ac - A,..,) / (Ac - Ab)]
x 100, where Ac: absorbance of the control tube,
A.q. absorbance of PFLA, and Ab: absorbance of
the blank tube.

Antioxidant activity of PFLA in cell culture
was evaluated by the MTT reduction method
(Mosmann 1983). After determining the injury
condition (H,0,-induced oxidative stress),
according to Ouyang et al. (2011) and Sa et
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al. (2023), murine fibroblast cell lines (3T3,
ATCC® CRL-1658™) were exposed to different
concentrations of H,0, (5.0 to 0.5 mM). As a result,
at a concentration of 4 mM the cells suffered
enough damage to decrease MTT expression
by up to 45% (positive control). Concentrations
greater than 4 mM caused damage well over
45%, while the negative control (without H,0,)
showed no damage. The 3T3 cells were initially
exposed to H,0, (4 mM) for 1 h, and later treated
with the PFLA (1000, 100 and 1 pg/mL), for 24 h.
The absorbance (570 nm) of the control without
H,0, was considered to be a 100% reduction in
MTT assay, and the values of the treated cells
were calculated as a percentage of the negative
control, without H,0,. Results were expressed
as the percentage of MTT reduction, according
to the following Equation: MTT Reduction (%)
= [(A,,, / Ac) x 100], where A, ,: absorbance of
cells subjected to treatment with PFLA, and Ac:
absorbance of cells from the negative control.

Antimicrobial activity

Bacterial (Staphylococcus aureus ATCC-13150,
S. aureus LM-117, Staphylococcus epidermidis
ATCC-12228, Pseudomonas aeruginosa ATCC-
25853, P aeruginosa P-03, Bacillus subtilis ATCC-
6633, Escherichia coli ATCC-10436, and E. coli
EC-12), yeast (Candida albicans ATCC-76645, C.
albicans LM-122, Candida tropicalis ATCC-13803,
C. tropicalis LM-64, and C. tropicalis LM-7) and
filamentous fungi (Aspergillus flavus LM-714, A.
flavus LM-247, Penicillium citrinum LM- 9, and P,
citrinum LM-60) were maintained at 4 °C in SDA
and BHI, and incubated at 35 = 2 °C for 24-48 h,
respectively. The microorganism suspension was
prepared according to the 0.5 McFarland scale
tube and adjusted to 90% T (CLSI 2015, 2008,
Hadacek & Greger 2000, Cleeland & Squires
1991). The minimum inhibitory concentration
(MIC) was determined by the micro dilution
technique (1024 to 32 pg/mL) (Cleeland &
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Squires 1991, Eloff 1998). The bacterial growth
was accompanied by the colorimetric change
of the 0.01% resazurin dye. The MIC was defined
as the lowest concentration of PFLA capable of
visually inhibiting microbial growth with no dye
color change. Chloramphenicol (100 pg/mL) was
the negative control for bacterial assays, and
nystatin (100 pg/mL) and fluconazole (50 ug/
mL) were the negative controls for yeast and
filamentous fungi assays, respectively. In our
investigations, we analyzed the antimicrobial
potential of PFLA against ATCC strains, because
they are well characterized and very popular
for this purpose, in addition to clinical isolates
characterized by antibiograms.

Cytotoxicity assay

The cytotoxicity of PFLA (1000, 500, 100 and 1
pg/mL) was evaluated using Mosmann's (1983)
method. Hepatocellular carcinoma cells (HepG2,
ATCC® HB8065™) and murine fibroblast cells (373,
ATCC® CRL-1658™) were donated by Dr. Viviane
Souza do Amaral and Dr. Silvia Regina Batistuzzo
de Medeiros, respectively, from Universidade
Federal Do Rio Grande Do Norte - UFRN, Natal-
RN, Brazil. HepG2 and 3T3 cells (5 x 10* cells)
were cultivated in DMEM and supplemented with
10% FBS, 2% L-glutamine and 1% streptomycin/
penicillin, at 37 °C and 5% CO,. The control
included cells cultivated in DMEM and 10% FBS,
and was able to show 100% reduction of MTT
(1.0 mg/mL), considered as 100% proliferation.
Results were expressed as the percentage of
MTT reduction, using the following equation:
MTT Reduction (%) = (A, , — Ac) x 100, where
A, absorbance of cells subjected to treatment
with PFLA, and Ac: absorbance of cells from the
negative control. Concentrations that promoted
cell viability below 80% were considered
antiproliferative and potentially toxic.
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Initial characterization of PFLA

Protein content and electrophoretic analysis

Total soluble protein content was measured
accordingto Bradford (1976) method, usingbovine
serum albumin (1.0 mg/mL) as standard, and
Coomassie Brilliant Blue G-250 as chromogenic
reagent. Analysis of total protein was done
by the Kjeldahl method involving three steps
(i.e., digestion, distillation, and titration) (AOAC
2000). The results of the total protein content
were obtained using a conversion factor of 6.25
to convert the nitrogen values to protein. The
estimation of the relative molecular weight of
the proteins was conducted by electrophoresis
(SDS-PAGE) in the presence of SDS 1% and
B-mercaptoethanol, according to Laemmli
(1970). The application gel was prepared in
the concentration of 3.5% and the separation
gel, 12.5%. The molecular weight estimation
was obtained by comparison to the relative
electrophoretic mobility of the molecular weight
standard (225 to 12 kDa).

Detection of interferents

Total sugars were quantified with phenol-
sulfuric acid method, using D-galactose (10 mg/
mL) as the standard (Dubois et al. 1956). Total
phenolic compounds were quantified by the
Folin-Ciocalteu colorimetric method, using gallic
acid (10 mg/mL) as the standard (Singleton et
al. 1998). Pyrogallic and cathectic tannins were
prospected according to Arnason et al. (1995).
For the detection of trypsin inhibitors (Xavier-
Filho et al. 1989), bovine trypsin (0.3 mg/mL) was
used as the standard enzyme, and DL-BApNA as
its chromogenic substrate. The inhibitor unit (1U)
was defined as the amount of inhibitor that can
decrease by 0.01 nm the absorbance value in the
trypsin inhibitor assay, and since specific activity
was considered, the relationship between U
and amount of protein used in the assay.
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Influence of divalent cations and sugar speci-
ficity

To determine the influence of divalent
cations (40 mM), PFLA was dialyzed against
EDTA 250 mM containing NaCl 150 mM, for
24 h; followed by a dialysis against NacCl
150 mM. The hemagglutination activity was
determined before and after addition of Ca,
Mg, Mn, and its combination (Ca/Mg, Ca/Mn,
and Mg/Mn). Carbohydrate-binding specificity
was determined by minimum inhibitory
concentration of sugar that exhibits complete
inhibition of hemagglutination (Ramos et al.
1996). An initial concentration (1.0 M) of the
following sugars was prepared: D-Fructose,
D-Glucose, D-Mannose, D-Xylose, L-Arabinose,
and L-Sorbose.

Total amino acid profile

Initially, PFLA was subjected to acid hydrolysis
by aqueous solution of 6N hydrochloric acid
double distilled at 104 °C, containing 01%
phenol. After drying and concentration of the
hydrolyzed material, it was suspended in 170
mM sodium citrate buffer, pH 2.2, containing
15% polyethylene glycol 400 and 0.4% thioglycol
(Moore & Spackman 1958). Amino acid analysis
was performed in a High-Performance Liquid
Chromatograph with C18 LUNA 100 A column
(4.6 mm x 250 mm; 5.0 pm particle). The
amino acids were quantified by comparison to
standard amino acids. DL-2-aminobutyric acid
was used as an internal standard. The contents
of different amino acids were presented as g
amino acid/100g of protein and compared
with the FAO/WHO (2007) reference pattern for
individuals aged >18 years. The essential amino
acid (EAA) score was calculated as: EAA score =
(g of EAA in 100 g of protein of PFLA / g of EAA
in 100 g of protein in FAO/WHO standard) x 100.
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Statistical analysis

Data were expressed as mean * standard error of
the mean (SEM) of three repetitions (n=3). One-
way ANOVA statistical analysis was performed
for data analysis using GraphPad Prism” version
6.01 (GraphPad Software, USA), with Tukey's post-
test. A P value < 0.05 was considered statistically
significant.

RESULTS AND DISCUSSION

Thirty extracts from S. virgata seeds were
obtained, with lectin activity evaluated between
32 and 0 HU/mL, 480 and 0 HU/gF, and 273.613
and 1.4879 HU/mgP. Among them, the extract
obtained in Glycine-NaOH (100 mM; pH 9.0; NaCl
150 mM), stirred for 22h, named CE, stands out
for expressing visible hemagglutination after
60 min of incubation, maintaining activity for
up to 24 h. Lectin activity of CE was quantified
in 32 HU/mL, 480 HU/gFa, and 4.4878 HU/mgP.
Our results corroborate with Bose et al. (2019)
observations on the extraction buffer enriching
different functional classes of proteins in seed
protein extraction processes, as not all extracts
were effective in solubilizing lectins in the
assay. Feyzi et al. (2015) also state that protein
extraction processes in seeds are optimized by
controlling pH concentration and stirring time,
which may justify the detection of lectins under
specific extraction conditions.

The CE was fractionated by both Osborne
and Scopes methods, aiming to concentrate the
proteins with lectin activity, and the results are
represented in Table I. The albumin, globulin,
prolamin, acid glutelin, and basic glutelin
fractions did not show visible lectin activity,
similar to the protein fraction 80-100% by
the ammonium sulfate precipitation method.
However, the other protein fractions obtained
from ammonium sulfate precipitation expressed
lectin activity, evaluated between 32 and 2 HU/
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Table I. Determination of lectin activity in extracts
and protein fractions obtained from Sesbania virgata
seeds. (HU/mL) inverse of the title of the highest
dilution that still showed visible hemagglutination;
(HU/mgP) number of hemagglutinating units

per milligram of protein; (HU/gF) number of
hemagglutinating units per gram of flour; (nd)
hemagglutinating activity not detected.

Extract and Protein UH/mL | UH/gFa UH/mgP

Fractions
Crude extract 32 480 44878
Albumin fractions nd nd nd
Globulin fractions nd nd nd
Prolamin fractions nd nd nd
Acid glutelin fractions nd nd nd
Basic glutelin fractions nd nd nd
Fraction 0-20% (w/v) 2 30 17.9033
Fraction 20-40% (w/v) 8 120 15.0014
Fraction 40-60% (w/v) 32 480 18.8618
Fraction 60-80% (w/v) 8 120 51906
Fraction 80-100% (w/v) nd nd nd

mL, 480 and 30 HU/gF, and 18.8618 and 5.1906
HU/mgP. The 40-60% (w/v) salt saturation range
yielded a protein fraction with lectin activity
(PFLA), whose hemagglutination titers are as
follows: 32 HU/mL, 480 HU/gFa and 18.862 HU/
mgP. Compared to EC, PFLA hemagglutination
is more stable, similar to that described
by Pires et al. (2019) for the Lonchocarpus
campestris extract, regarding the improvement
of lectin stability by extract fractionation with
ammonium sulfate, probably due to a better
solubilization of these proteins in a specific salt
concentration range (i.e., 40-60%, w/v). The total
protein content of PFLA (56.36% + 0.63) and CE
(49.59% + 0.03) was higher than those described
in cowpea (27 - 31%) (Gerrano et al. 2018). The
saline precipitation process also favored the
concentration of soluble proteins in PFLA (1.70
mg/mL + 0.01), at levels higher than those
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described for CE (012 mg/mL + 0.01), and in
the protein fraction 30-60% (0.72 mg/mL) from
Calotropis gigantean seeds (Chachadi 2019).
Among the proteins solubilized in PFLA,
our analyses suggest the presence of lectins.
However, components capable of interfering
with lectin activity can also be extracted, such
as polyphenols and sugars. The methods used
to quantify polyphenols and sugars suggest
that PFLA is free of these contaminants. The
absence of tannins is a particularly important
factor. There are papers that show the tannins
occurrence can give false positive results to
lectin detection, as tannins are also able to bind
to proteins in solution (Fish & Thompson 1991).
Furthermore, PFLA does not concentrate trypsin
inhibitors. Thus,ammonium sulfate fractionation
not only increased the protein concentration in
PFLA, but may also have favored obtaining a
protein fraction free of interference. Apparently,
PFLA lectins are Ca” and Mn” dependent,
because when erythrocytes were treated with
these ions, the hemagglutination stability
of PFLA was maintained for longer, and the
erythrocyte networks were visibly more stable,
similar to that expected for legume lectins (Itin
et al. 1996). PFLA lectin activity was inhibited by
D-Mannose and D-Glucose, at all concentrations
tested, exhibiting a potent inhibition at higher
carbohydrate concentrations (1.0 to 0.25 mM).
SDS-PAGE analyzes (Fig. 1a, b) suggest the
presence of six protein bands in PFLA. The
major bands are slightly aggregated at the
middle of the gel, in the range of 55 — 31 kDa,
an electrophoretic pattern similar to typical
oligomerization of legume lectins (Tan-Wilson
& Wilson 2012). Previous studies (Biswas et al.
20093, b) describe similar molecular masses
for Sesbania lectins, suggesting that the major
proteins of PFLA may be lectins. In addition to
SDS-PAGE analysis, the amino acid composition
of PFLA was determined (Table Il). The method
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225 kDa —
150 kDa —

72kDa —-
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38kDa —
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Figure 1. Electrophoretic profile (SDS-PAGE, 12.5%)
of Protein Fraction with Lectin Activity (PFLA). (a)
molecular weight markers, 225-12 kDa; (b) PFLA.

employed to obtain PFLA yielded an abundant
protein fraction in the following essential
amino acids residues: histidine (5.95 g/100g
protein), leucine (2.46 g/100g protein), and
lysine (211 g/100¢g protein), in addition to the
sum of phenylalanine + tyrosine (2.84 g/100g
protein). These amino acids represent a mass
of 13.36 g/100g protein, equivalent to 63.49% of
essential amino acids content of PFLA. However,
methionine (0.31 g/100g protein) and cysteine
(0.09 g/100g protein) are deficient in PFLA. This
result was already expected, as most legume
seeds (Mubarak 2005), including Sesbania seeds
(Hossain & Becker 2001), are deficient in sulfur-
containingamino acids. The mostabundant non-
essential amino acids from PFLA are glutamic
acid (6.58 g/100g protein), arginine (4.76 g/100g
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Table Il. Total amino acids profile of Protein

Fraction with Lectin Activity (PFLA). (*) sulphur-
containing amino acids; (2) aromatic amino acids,
except tryptophan; (*) Essential amino acid values
indispensable to the human diet, for individuals aged
>18 years, Standard FAO/WHO, 2007; (**) Essential
amino acid score; (-) not applied. Results expressed in
g amino acid/g protein” as mean t standard error of
the mean (SEM) (n=3). Tryptophan not determined.

Amino acid

* Fk
content EA® |EAA

Amino acids

Amino acids essentials

Histidine 595+ 0.00 15 396.78
Threonine 118 +0.00 | 23 | 5141
Tyrosine 121+ 0.00 - -
Valine 150+ 0.00 @ 39 3846
Methionine 0.31+ 0.00 - -
Cysteine 0.09 +0.00 | - -
Isoleucine 136+ 0.00 | 3.0 | 4537
Leucine 246 +0.00 @ 59 | 41.69
Phenylalanine 164 +0.00 @ - -
Lysine 211+£0.00 | 45 | 46.84
Methionine + Cysteine’ 0.39 22 1795
Phenylalanine + Tyrosine? 2.84 3.8 | 74.80
Non-essential amino acids
Aspartic acid 3.69 + 0.01 - -
Glutamic acid 6.58 +0.00 @ - -
Serine 1.92 +0.00 - -
Glycine 158 +0.00 = - -
Arginine 4.76 + 0.01 - -
Alanine 1.22 + 0.00 - -
Proline 142 +0.00 - -

protein), and aspartic acid (3.69 g/100g protein),
equivalent to 70.99% of non-essential amino
acids from PFLA. Compared to the FAO/WHO
(2007) standards for essential amino acid values
indispensable to the diet of individuals aged >18
years, histidine, threonine and phenylalanine
+ tyrosine scores are adequate or higher. The
remaining amino acids in the chromatogram
were limiting amino acids. Stgdkilde et al.
(2018) showed cysteine and methionine are
also limiting in numerous protein fractions from
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legumes, a limitation overcome by combining
protein fractions with other protein sources
abundant in this limiting amino acids.

Plant seeds offer a perfect production
platform for molecules of high nutritional,
industrial and therapeutic value due to its
notorious protein storage capacity (Jha etal.2022,
Khan et al. 2020). PFLA is an excellent source of
protein to be exploited in programs to overcome
protein-energy malnutrition, reinforcing
previous studies on nutritional potentialities
of Sesbania seeds in Africa, Australia and
Bangladesh (Hossain & Becker 2001, Gutteridge
et al. 1995, Gutteridge 1994). Furthermore,
legumes are important components of the
Mediterranean diet. Notably, Europe imports 70%
of the plant protein consumed by the human
population (Rubiales & Miki¢ 2015), and the
results described in our research may enhance
this scenario, considering that the increase in
the global human population will require more
alternative protein sources. Additional studies
must be carried out for a complete indication of
PFLA as a protein additive in human and animal
food.

The antioxidant activity of PFLA was
investigated by several assays, and analysis
of results suggests PFLA as a promising metal
chelating agent (Table I11). At all investigated
concentrations, PFLA exerted copper- and
iron-chelating activity, with better results for

Table Ill. Antioxidant activity of Protein Fraction with
Lectin Activity (PFLA). Results expressed in percentage
(%) as mean * standard error of the mean (SEM) (n=3).

PFLA Copper- Iron- Hydroxyl radical-
(ug/ | chelating @ chelating scavenging
mL) | activity (%) | activity (%) activity (%)
500 7316 + 0.02 | 7.70 £ 0.05 12.06 + 0.21
100 76.01 £ 0.07 = 1578 + 0.18 0.00 + 0.07

10 76.67 + 0.01 | 25.57 + 0.06 0.00 £ 0.70

1 1916 + 0.03 | 28.69 + 0.03 0.00 + 0.64

SEED PROTEIN FRACTION WITH BIOLOGICAL ACTIVITY

copper-chelating assays. The copper chelating
potential of PFLA (76.01%) is higher to those
described by Carrasco-Castilla et al. (2012) for
Phaseolus vulgaris lectin extracts (~15%), at the
concentration of 100 pug/mL. In the best of our
searches, no study was identified that evaluated
the copper- and iron-chelating activity with
protein fractions obtained from Sesbania genus,
therefore, data comparison cannot be performed.
However, Carrasco-Castilla et al. (2012) report
that protein fractions from legume seeds are
effective in metal chelation, especially copper-
chelating, corroborating the results described
in our research. These authors also suggest that
negatively charged amino acids, mainly aspartic
acid and glutamic acid, contribute to antioxidant
activity. These amino acids are abundant in PFLA,
and the protein fractions obtained by Carrasco-
Castilla et al. (2012) share proteins with similar
molecular weights to PFLA. Torres-Fuentes et
al. (2012) and Gallegos-Tintoré et al. (2011) also
suggest that the metal chelating activity is due
to proteins and amino acids present in plant
protein fractions obtained. So far, there is no
cure for patients with diseases involving copper
and iron overload; thus, it is necessary to control
their levels by administration of compounds
with chelating properties (Berger et al. 2019,
Chen et al. 2019). Currently, great attention has
been given to bioactive compounds from plants,
and international agencies have encouraged the
development and use of botanical formulations
with antioxidant properties (Guo et al. 2020).
These discussions strengthen the biological
importance of PFLA as an antioxidant agent,
especially for its metal chelating properties,
whose promising activity can be attributed to its
protein compounds (lectins and amino acids).
Hydroxyl-scavenging activity of PFLA is only
observed at the concentration of 500 ug/mL
(12.06%), and with decreasing concentrations
of PFLA, activity is not observed (Table Il1). In
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the investigated range of concentrations, PFLA
was not able to exert antioxidant activity by
reducing power assay. Botanical formulations
from other Sesbania species have already been
characterized for hydroxyl-scavenging and
reducing power assays (Siddhuraju et al. 2014,
Shyamala & Vasantha 2010), and the studies
suggest that the phenolic compounds were
responsible for the biological activity. This fact
would justify the absence of antioxidant activity
for these assays, since phenolic compounds
were not identified in PFLA.

The antioxidant effects of PFLA were
investigated in models that mimic its behavior
on cell metabolism. Under experimental
conditions, PFLA was not able to regenerate the
metabolic state of cells exposed to oxidative
stress by H.O,, compared to the positive control
(45% cell viability). Analyzes of the results
suggest that the antioxidant mode of action of
PFLA may be associated with the recruitment of
essential molecules to prevent the impairment
of the metabolic activity of cells exposed to
oxidative stress. Because the regulation of
the expression of genes that encode proteins
involved in the inactivation of reactive species
has not been followed, the exact mechanism
underlying these events needs to be determined
in further studies.

In addition to antioxidant activity, PFLA also
exhibits antifungal activity, inhibiting the growth
of C. albicans (MIC = 256 ug/mL), C. tropicalis
(MIC = 256 pg/mL), A. flavus (MIC = 512 pg/mL),
and P citrinum (MIC = 512 pg/mL) (Table 1V),
which represents an optimal activity, according
to Sartoratto et al. (2004) and Houghton et al.
(2007) criteria. Previous studies (Ghosh 2009),
including other Sesbania species (Ajitha et al.
2016, Maregesi et al. 2008), report the antifungal
activity of proteins with lectin activity obtained
from plants, with molecular masses similar
to PFLA, showing antifungal activity against

SEED PROTEIN FRACTION WITH BIOLOGICAL ACTIVITY

Table IV. Antifungal activity of Protein Fraction with
Lectin Activity (PFLA). (MIC) minimum inhibitory
concentration (expressed in pg/mL); (+) fungal growth
occurred; (-) did not occur fungal growth; (----- ) not
applied.

Microorganisms

Yeasts Filamentous fungi

PFLA MIC and
controls

C. albicans (LM-122)
C. tropicalis (ATCC-13803)
A. flavus (LM-714)
A. flavus (LM-247)
P citrinum (LM-9)
P. citrinum (LM-60)

C. albicans (ATCC-76645)
C. tropicalis (LM-7)

C. tropicalis (LM-64)

PFLA MIC (ug/mL) 256256 256 256 256 5121512 512 512
Means control -1 -1-1-1-1-1-
Fungal control P R D R D R

Nystatin (100 ug/ | | _

mL) -] - -

Fluconazole (50 pg/ |
mL)

B el el T S + + o+

the pathogens investigated in this research.
Praxedes et al. (2011) report the occurrence
and concentration of antifungal proteins in a
fraction with molecular mass similar to PFLA,
obtained from S. virgata seeds. Other antifungal
protein fractions are reported whose antifungal
activity was attributed to its lectins (Silva et al.
2019, Gautam et al. 2018, Gupta et al. 2018). These
results suggest that proteins with lectin activity
from PFLA promoted the antifungal activity.
Fungal infections are very recurrent in
hospitalized patients, resulting in 1.7 million
deaths per year (Houst et al. 2020), in addition
to compromising several sectors of industry and
agriculture (Fidel et al. 2020, Jiang & Xiang 2020,
Toghueo & Boyom 2020). In particular, human
mortality rates from Candida infections are
found to be around 45%; the reasons involve
inefficient diagnostic techniques and antifungal
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drug resistance (Dahiya et al. 2022). Thus, there
is an urgent need to offer adjuvant options to
available therapies. The antifungal activity of
PFLA against Candida strains (Table 1V) raises
interest for future studies on the synergism of
PFLA and the synthetic antifungals, at even lower
pharmacological doses. Recent studies (Ghaly
et al. 2020) reinforce the relevance and efficacy
of this practice, highlighting the importance
of using natural formulations, alone or with
synthetic antifungals, in the management of
fungal infections. According to Cos et al. (2006)
criteria, the antifungal activity of PFLA is not
completely relevant, because it is greater than
100 pug/mL. However, Gertsch (2009) argues that
ethnopharmacological research should enable
new insights on plant pharmacology, aiming at
obtaining new bioactive chemical entities and/
or the development of botanical drugs.

At tested concentrations (1024 - 32 ug/mL),
PFLA did not exhibit antibacterial activity against
B. subtillis, E. coli, P. aeruginosa, S. aureus and
S. epidermidis, similar to other studies that
investigated the antibacterial activity of Sesbania
formulations (Ajitha et al. 2016, Srinivasan et

140
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al. 2001, Valsaraj et al. 1997). In addition, these
studies also emphasize that Sesbania-based
formulations were unable to inhibit the growth of
Salmonella enterica, Salmonella paratyphi and
Enterococcus faecalis. Although some studies
indicate antibacterial activity for Sesbania
species (Guzman et al. 2018, Anantaworasakul et
al. 2017, Maregesi et al. 2008), the antibacterial
activity of the obtained formulations only occurs
at concentrations higher than those investigated
in this research (MIC > 100 mg/mL). In addition,
the previously mentioned studies suggest that
the antibacterial action in Sesbania is due to its
phenolic compounds. As PFLA is free of phenolic
compounds, we believe that lectins and other
bioactive components expressed in PFLA may
not have been sufficiently solubilized, at the
tested concentrations, to exert antibacterial
activity against the investigated bacteria.

An extremely important aspect in evaluating
the safety and toxicity of plant formulations is
their impact in cell metabolism. In this study,
the cytotoxic effects of PFLA (Fig. 2) were
evaluated in two cell lines (murine fibroblast
and hepatocellular carcinoma cells, 3T3 and

A
e *
§120— A . .
c 100+ . T
o * *
'13 80 Bl 373
S
T 60 I HepG2
(14
- 40+
[
= 20-
o,
10 100 500 1000 Control

PFLA concentrations (ug/mL)

Figure 2. Cytotoxicity of Protein Fraction with Lectin Activity (PFLA) against 3T3 and HepG2 cells. Concentration
of PFLA: 1to 1000 pg/mL. On the x-axis, there are the PFLA concentrations (in pg/mL) and assay control, and on
the y-axis, the percentage of cell proliferation. (*) statistical differences between the same concentrations; (A)
statistical difference with assay control. Results expressed as mean * standard error of the mean (SEM) (n=3).
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HepG2, respectively) by the MTT assay, a simple
and rapid colorimetric assay (Alley et al. 1988).
Compared to the positive assay control (100%
cell viability), no statistical significance (P =
0.0311) was found between all investigated
PFLA concentrations, indicating a tendency of
low interference in the proliferation of 373 and
HepG2 cells. This finding is interesting as PFLA
did not compromise the metabolic activity of
these cell lines in the range of concentrations
with biological activity, and suggest the cytotoxic
safety of PFLA.

CONCLUSIONS

In previous studies, we showed that S. virgata
seeds are promising sources of proteins. In this
study, these proteins were concentrated in a safe
protein fraction, rich in lectins, with antioxidant
and antifungal activities. These findings
support the notion that plant formulations
are promising sources of biomolecules to be
applied in current policies on the management
of metal ion chelation and fungal infections. The
implementation of natural plant formulations,
such as PFLA, in public health and environment
policies is already a viable possibility. Further
studies on the toxic effects of PFLA are underway
to expand understanding of the PFLA safety as a
potential therapeutic adjuvant.
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