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The purpose of the study was to demonstrate how soybean peptides (SBP) protect
against H,O, -induced injury in intestinal porcine epithelial cells (IPEC-J2). SBP
were prepared by protease hydrolysis, in which the molecular weights of 95.76%
SBP were smaller than 3 kDa. Cell experiment included four groups: Control group
(IPEC-J2 cells were treated with HGDMEM), SBP group (100 pg/mL SBP incubation
for 13 h), H,O, treatment group (1 mM H,O, treatment for 1 h), SBP + H,O, group
(100 pug/mL SBP pretreatment for 12 h followed by 1 mM H,O, treatment for 1 h).
This study showed that that treatment with single 1 mM H,O, for 1 h significantly
reduced cell viability to 52.99% (p < 0.05), up-regulated Bax and Caspase-3 gene
expressions (p < 0.05), and down-regulated gene expressions of ZO-1, CAT,
SOD1, HO-1 and Nrf2 (p < 0.05), compared with the control group. However,
pretreatment with SBP followed by H,O, inducement significantly increased cell
viability to 72.99%, decreased cell apoptosis, increased SOD, CAT and GSH-Px
activity (p < 0.05), down-regulated Bax and Caspase-3 gene expressions (p < 0.05),
and up-regulated the gene expressions of ZO-1, Claudin-1, Occludin, catalase,
glutathione GPX1, SOD1, HO-1, NQO1 and Nrf2, compared with the single H,O,—
induced cells. According to the study, SBP pretreatment reduced H,O,-induced
oxidative stress in cells and preserved the integrity of intestinal cells.

KEYWORDS

soybean peptides, oxidative stress, IPEC-J2 cells, antioxidant capacity, gene
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1 Introduction

A variety of stresses such as piglet weaning (Boudry et al., 2004), alcohol consumption
(Das and Vasudevan, 2007), mycotoxins and discomfort environment conditions can
exacerbate the generation of free radicals and thus force oxidative damage (Svobodova et al.,
2006). In general, gastrointestinal epithelial tissues play an important role in nutrient
absorption, digestion and metabolism as well as gut microbiota. The gastrointestinal epithelial
cells often produce many kinds of free radicals, resulting in oxidative stress in the cells to cause
a variety of gastrointestinal disorders or diseases. The redox homeostasis of cells is important
for the health of the organism (Bhattacharyya et al., 2014; Xiang et al., 2020). Therefore,
in-depth study of the efficacy of feed additives with antioxidant function in vivo is of great
significance to alleviate the effects of oxidative stress on intestinal cells. Many kinds of protein
hydrolysates and peptides from milk (Wang et al., 2016), egg white (Liu et al., 2014), cereals
(Guo etal,, 2014) and fish (Je et al., 2015) have been reported to have antioxidant properties.
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Therefore, selecting the optimal and economic peptide for decreasing
cell oxidation stress becomes more and more important.

Soybean is known as an important protein resource in animal
diets. The specific soybean protein hydrolysates and peptides possess
many kinds of antioxidant qualities, including the ability to chelate
metal ions, scavenge free radicals, and prevent lipid peroxidation
(Moure et al., 2006; Pefia-Ramos and Xiong, 2002; Zhang et al.,
2010). Reactive oxygen species (ROS) and free radicals can
be effectively scavenged by soy peptide, which inhibits oxidative
stress in rats (Takenaka et al., 2003). Another report showed that the
active peptides in tempeh increased catalase (CAT) and superoxide
dismutase (SOD) activity in rat liver and glutathione peroxidase
(GSH-Px) and SOD activities in the kidneys (Wang et al., 2008). The
SOD and GSH-Px activities in the serum of juvenile halibut were
increased by adding different levels of soybean peptides (Song et al.,
2014). Despite SBP has potential application in animal diets, there
are no further studies how SBP protects porcine intestinal
epithelial cells.

Currently, IPEC-J2 is frequently utilized for probiotic bacteria
screening (Brosnahan and Brown, 2012), intestinal immune and
inflammatory research (Aperce et al,, 2010; Liu et al., 2010), and
mycotoxin studies (Diesing et al., 2011). It is non-transformed and
non-tumorigenic (Geens and Niewold, 2011).

This research focused on preparing SBP and exploring its ability
to alleviate cytotoxicity, antioxidant capacity, apoptosis and barrier
function for H,0,-induced IPEC-]2 cells, in order to find out its acting
mechanisms to reduce oxidative stress.

2 Materials and methods
2.1 Chemicals and reagents

Alkaline protease (200,000 U/g) was obtained from Nanning
Pangbo Biological Engineering Co., Ltd. (Nanning, China). High
glucose Dulbecco’s modified Eagle’s medium (DMEM), phosphate-
buffered saline (PBS) and fetal bovine serum (FBS) were purchased
from Biological Industries (Kibbutz Beit-Haemek, Israel). Cell
counting kit 8 (CCK-8) was provided by Abbkine Scientific Co., Ltd.
(Wuhan, China). The qRT-PCR kit was purchased from Takara
Company (Dalian, China). H,0, was purchased from Sigma-Aldrich
(St. Louis, MO, USA). SOD, CAT and GSH assay kits were purchased
from Nanjing Jian Cheng Bioengineering Institute (Nanjing, China).
Goat anti-rabbit antibody such as f-actin, SOD1, heme oxygenase-1
(HO-1), zonulaoccluden-1 (ZO-1), claudin-1, keapl and nuclear
factor erythroid 2-related factor 2 (Nrf2) were purchased from Wuhan
Service Bio-Technology Co., Ltd. (Wuhan, China).

2.2 Soybean peptide preparation

About 25 g soybean meals were dispersed in distilled water in a
ratio of 1:4 (w/v). The mixture was hydrolyzed using alkaline protease
(10,000 U/g soybean meal) under the reactive conditions of 55°C,
pH =9 and 4.5 h. After pH was adjusted to 5.0, the mixture was placed
in boiling water for 30 min to inactivate the enzymes, centrifuged at
5000 g for 10 min, and the supernatant was collected. Then, active
carbon with a ratio of 1:10 (w/v) was added for decoloration and
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debittering. The supernatants was obtained using a membrane of
0.45 pm, then quickly freeze-dried and stored at 4°C for backup.

2.3 Peptide identification by RPLC-MS/MS

Identification of peptides was performed by an Easy-nLC 1,000
UHPLC system (Thermo Fisher Scientific, San Jose, CA, USA), online
with an Orbitrap Fusion mass spectrometer (Thermo Fisher Scientific,
San Jose, CA, USA). Peptide separations were performed on Acclaim
PepMap RSLC C18 threaded columns (Thermo Fisher Scientific, San
Jose, CA, USA). The eluents of mobile phases A and B were 0.1%
formic acid (FA) in water and 0.1% FA in acetonitrile, respectively. A
gradient elution procedure was set: 0.0-3.0 min, 3% eluent B;
3.0-7.0 min, 3-8% eluent B; 7.0-46.0 min, 8-32% eluent B; 46.0-
51.0 min, 32-44% eluent B. The polypeptide concentration was
10.0 mg/mL. The injection amount was 8.0 uL. The flow rate was
400 nL/min. The Orbitrap Fusion Mass Analyser collected all of the
data throughout a 350-1,550 m/z scan range. Resequencing was used
to analyze the spectra, and the UniProt database was used to look for
matches in the MS/MS spectra.' Sequence comparison of reported
peptides was performed using the BIOPEP database’.

2.4 Cell culture and experimental design

IPEC-]2 cells were grown in High-glucose Dulbecco’s Modified
Eagle Medium (HGDMEM) supplemented with 1% penicillin—
streptomycin and 10% fetal bovine serum, respectively, at 37°C and
5% CO, in the incubator. For the experiments, IPEC-]2 cells were
seeded into 6-well plates at a density of 2.5 x 10° cells/mL for 2 mL or
96-well plates at a density of 1.0 x 10° cells/mL for 100 pL. Cells were
allowed to adhere for 24 h-36 h until they reached confluency before
treatment. Cell viability was assessed using CCK-8 solution (1%, v/v).
The protocol was as follows: Each well received a 10 pL CCK8
solution, and was incubated for 2hours. An enzyme-linked
immunosorbent assay (ELISA) was used to determine optical density
(OD) at 490 nm.

To determine a model of cellular oxidative stress, after IPEC-J2
cells were adhere for 24 h, different concentrations (0.1, 0.5, 1, 2 or
4 mM) of H,0, were added to the wells, then incubated for 1 h. The
incubation time was selected according to the previous reports (Cai
etal, 2013; Paszti-Gere et al., 2012). The optimal H,O, concentration
for decreasing cell viability was obtained for the following research.
For the optimal SBP concentration, after IPEC-]J2 cells reached
confluency, different concentrations (0, 25, 50, 100, 200, 400, 800,
1,000, 2000 pg/mL) of SBP were added and went on incubating for
12 h, then incubated in H,0, for 1 h. H,0, was completely removed
by washing with PBS twice. The viability of cell viability was measured
with CCK8 to obtain the optimal SBP concentration for alleviating cell
damage induced by H,0,.

The cell experiment was divided into 4 groups: (1) Control group:
Incubated the cells with HGDMEM for 12 h, replaced the medium

1 http://www.uniprot.org

2 http://www.uwm.edu.pl/biochemia/index.php/pl/biopep
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with fresh HGDMEM once, and continued to incubate for 1 h; (2) SBP
group: Incubated the cells with HGDMEM supplemented with 100 pg
/mL SBP for 12 h, replaced the above solution with fresh HGDMEM
containing 100 pg /mL SBP, and continued to incubate for 1 h; (3)
H,0, treatment group: Incubated the cells with HGDMEM containing
1 mM H,0, for 1 h; (4) SBP + H,0, group: Incubated the cells with
HGDMEM supplemented with 100 pg /mL SBP for 12 h, followed by
1 mM H,O, treatment for 1 h.

2.5 Quantitative real-time PCR

After four treatments (Control, H202, SBP, SBP + H202), Total
cellular RNA was completely extracted using Trizol reagent
(Invitrogen, Carlsbad, CA, USA) according to the instructions. The
c¢DNA in a 10pL reaction system were synthesized by using
PrimeScript RT reagent Kit (TakaRa, Dalian, China). Real-time PCR
ina 10 pL reaction system were performed by using the SYBR Premix
Ex Taq (TakaRa, Dalian, China), and the cycle conditions of each step
were 95°C for 300 s, followed by 38 cycles of 95°C for 20 s, 60°C for
30 s and 72°C for 30 s. The primers used in this research are all listed
in Table 1 (Xun etal,, 2021). To normalize the levels of gene expression,
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was utilized as
a reference gene. The 2"*2T method (Livak and Schmittgen, 2001) was
utilized to analyze RT-PCR data and determine the relative fold
changes of the target genes.

2.6 Western blotting analysis

After four groups of cell treatments, total proteins from treated
cells were extracted with RIPA Lysis buffer (Service biotechnology,
Wuhan, China), and the extracted protein concentrations were
accurately measured by BCA protein assay kit (Nanjing Jiancheng
Bioengineering Institute, Nanjing, China). Using sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE), equal
amounts of proteins was isolated, then electro-transferred onto the
methanol-activated polyvinylidene ifluoride (PVDF) membranes. The
transferred membrane was placed in an incubation tank with TBST,
quickly swabbed once, then added with 5% milk, closed in a
decolourising shaker for 2 h at room temperature, and incubated in a
shaker overnight at 4°C with the prepared primary antibodies. After
being washed for three times with TBST, the treated membranes were
incubated with the diluted secondary antibodies for 2 h. Enhanced
chemiluminescence was used to observe the protein bands, and
ImageJ (National Institutes of Health, Maryland, USA) software was
used for analysis. All sample protein expressions were normalized
using f-actin.

2.7 Measurements of antioxidant
parameters

Antioxidant parameters including SOD, GSH-Px and CAT were
analysed by xanthine oxidase-xanthine reaction, reduced glutathione
and ammonium molybdate method, respectively. The determination
of these antioxidants was carried out according to the instructions of
the kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, China).
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TABLE 1 Primer sequences used for real-time PCR.

Target = Accession Sense and Antisense primers
genes  number
GAPDH | XM-004387206 F: 5’ ATGACCACAGTCCATGCCATC3’
R: 5CCTGCTTCACCACCTTCTTG3
SoD1 NM_001190422.1 | p. 5/ A AGGCCGTGTGTGTGCTGAA3’
R:5’GATCACCTTCAGCCAGTCCTTT3
GPX1 NM_214201.1 F: CCTCAAGTACGTCCGACCAG3
R: 5GTGAGCATTTGCGCCATTCA3’
CAT NM_214301.2 F: AGCCTACGTCCTGAGTCTCTGC3’
R: 5TCCATATCCGTTCATGTGCCTGTG3’
Nrf2 NM_001114671.1 | . 55GACAAACCGCCTCAACTCAG3’
R: 5GTCTCCACGTCGTAGCGTTC3
NQO1 NM_001159613.1 | p. 5/CATGGCGGTCAGAAAAGCAC3’
R: 5’ ATGGCATACAGGTCCGACAC3’
HO-1 NM_001004027.1 ' E, 5"TGATGGCGTCCTTGTACCAC3’
R: 5GACCGGGTTCTCCTTGTTGT3
Bax XM-003355975.1 | F: ATGATCGCAGCCGTGGACACG
R: ACGAAGATGGTCACCGTCTGC
Bdl-2 XM-003122573.2 | F: AGAGCCGTTTCGTCCCTTTC
R: GCACGTTTCCTAGCGAGCAT
Caspase-3 | NM-214131.1 F: TTGGACTGTGGGATTGAGACG
R: CGCTGCACAAAGTGACTGGA
Z0-1 XM-003353439.2 | F: CCTGAGTTTGATAGTGGCGTTGA
R: AAATAGATTTCCTGCCCAATTCC
Occludin | NM_001163647.2 | F: ACCCAGCAACGACATA
R: TCACGATAACGAGCATA
Claudin-1 | NM_001244539.1 = F: ATTTCAGGTCTGGCTATCTTAGTTGC
R: AGGGCCTTGGTGTTGGGTAA

2.8 Statistical analyses

GraphPad Prism 7 (GraphPad Software, La Jolla, USA) was used
to produce each graph. Statistical analysis was assessed using SPSS
20.0 one-way analysis of variance (ANOVA) (Sishu Software, Shanghai
Co., Ltd. Shanghai, China). The replicates in each group were least 3
times. The Duncan test was used to perform multiple comparisons.
The means * standard deviations of the results were displayed, and
differences were considered statistical significance at p < 0.05.

3 Results

3.1 Identification of SBP and its antioxidant
capacity

About 2,314 kinds of peptides were obtained in this study. The
analysis of molecular weights for SBP showed that 500-1,500,
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1,500-3,000, 3,000-5,000 and 5,000-10,000 Da accounted for
57.13, 38.63, 3.98 and 0.26%, respectively (Figure 1). It indicated
that the molecular weights of 95.76% SBP were smaller than
3 kDa. About 15 identified soybean peptides and their potential
bioactivity were listed in Table 2. By using the BIOPEP database
and the known biological activity, the sequences or structures in
the listed polypeptides can be identified as having a variety of
activities, such as angiotensin-I-converting enzyme (ACE)
inhibitory, antioxidant, and dipeptidyl peptidase (DPP) IV
inhibitory activities.

3.2 H,0, cytotoxicity

Figure 2 revealed that the survivability of IPEC-J2 cells was
significantly reduced after 1 h incubation when H,0, concentration
exceeded 1 mM (p < 0.05), therefore, 1 mM H,O, was selected for the
further research. Incubation time was selected as 1 h based to the
previous report (Cai et al., 2013; Paszti-Gere et al., 2012).

3.3 Cell viability affected by SBP

Figure 3 showed that the cell viability had insignificant influence
when SBP concentration was lower than 200 pg/mL during 12 h
treatment (p > 0.05); however, it had insignificant influence when SBP
concentration was lower than 80 pg/mL during 24 h treatment
(p > 0.05), compared with the control group.

3.4 SBP alleviating H,0,-induced damage

Under H,0,-induced condition, 100-800 pg/mL SBP could
significantly alleviate H,0,-induced cell damages after 12 h or
24 h treatment (p < 0.05), compared with the single H,0,-induced
group (Figure 4). Therefore, 100 pg/mL SBP was recommended
H,0,-induced cell

for alleviating damages in the

further experiment.

10.3389/fsufs.2024.1487774

3.5 Tight junction protein expressions

Figure 5 showed that single H,O, addition in IPEC-J2 cell
incubation significantly reduced mRNA abundance as well as protein
expression of ZO-1 (p <0.05), while SBP addition significantly
increased ZO-1 mRNA abundance. After the addition of SBP,
Claudin-1 protein expression was significantly increased, and
Claudin-1 and Occludin mRNA abundance were also increased,
compared with single H,O, group. It could be concluded that SBP
pre-incubation increased intestinal compactness to safeguard
intestinal cells from oxidative stress.

3.6 Apoptosis gene expression

Figure 6 showed that H,0, increased the mRNA abundance of
Bax and cysteinyl aspartate-specific protease 3 (Caspase-3) (p < 0.05);
instead, after SBP pre-incubation, they were down-regulated
significantly (p <0.05). In addition, H,O, or SBP treatment had
insignificant effect on B-cell lymphoma-2 (Bcl-2) mRNA abundance.

3.7 mRNA and protein expressions of
Nrf2-related genes

Figure 7 indicated that H,O, significantly reduced the gene
expressions of SOD1 (0.50 fold), CAT (0.78 fold), Nrf2 (0.78 fold) and
HO-1 (0.74 fold) (p < 0.05), compared to the control group; however,
SBP early addition before H,0,~-induced cell incubation was able to
upregulate the relative mRNA abundances of SOD1 (0.85 fold), CAT
(1.15 fold), glutathione peroxidasel (GPX1, 1.54 fold), Nrf2 (1.17
fold), HO-1 (1.05 fold) and quinone oxidoreductasel (NQO1, 1.44
fold)(p < 0.05). Figure 7 also showed that H,0, significantly declined
the protein expressions of Nrf2, SOD1 and HO-1 (p < 0.05), however,
SBP early addition during H,0,-induced cell incubation was able to
increase the protein expressions of Nrf2, SOD1 and HO-1 (p < 0.05).
Compared with the control group, the single SBP addition could
upregulate the mRNA abundances of CAT (1.61 fold), GPX1 (1.45

38.63%

mm 500-1500 Da 1500-3000 Da

FIGURE 1
Molecular weight profile of soybean peptides.

57.13% :

3000-5000 Da mm 5000-10000 Da
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TABLE 2 Identification and bioactivity of the major SBP with molecular weights of 500-1,500 Da.

10.3389/fsufs.2024.1487774

Protein accession**

Amino acid sequence

Molecular weight (Da)

Reported bioactivity*

REGDLIAVPTGVA 1296.70 ACE inhibitor, DPP IV inhibitor Glycinin G1
SLLNALPE 855.47 ACE inhibitor, DPP IV inhibitor Glycinin G1
SPDIYNPQ 932.42 ACE inhibitor, Fatty acid synthase inhibitor Glycinin G1
INKVLES 819.49 ACE inhibitor Beta-conglycinin alpha subunit 2
SPDIYNPQ 932.42 ACE inhibitor Glycinin G3
VIPPGVP 677.41 ACE inhibitor, DPP IV inhibitor Glycinin G4
NLRDYRIL 1061.60 Anti-lipopolysaccharide factor Beta-conglycinin alpha subunit 2
FEPPRYE 936.43 ACE inhibitor Oleosin
SPDDERKQIVT 1286.65 ACE inhibitor, Antioxidative Glycinin G4 or
Glycinin G5
DQTPRVF 861.43 ACE inhibitor Glycinin G4
VVPPGHPF 848.45 Antioxidative, ACE inhibitor, DPP IV inhibitor Cupin type-1 domain-containing protein
GHAPISLPN 904.48 ACE inhibitor Basic 7S globulin 2
VTPTKPI 754.46 ACE inhibitor Basic 7S globulin
LLPHHAD 801.41 Antioxidative Beta-conglycinin beta subunit 1
DKPWWPK 955.49 Antioxidative Seed linoleate 13S-lipoxygenase-1
“Bolded and italicized sequence was reported as part of the peptide with reported bioactivity in BIOPEP (https://www.biochemia.uwm.edu.pl/biopep-uwm/). **From UniProt database (http://

www.uniprot.org).

fold), Nrf2 (1.21 fold) and NQO1 (1.92 fold) as well as protein
expressions of Nrf2 and HO-1 (p < 0.05). Therefore, SBP was able to
alleviate oxidative damage for H,0,-induced IPEC-]2 cells.

3.8 Antioxidant enzyme activity
determination

Table 3 showed that the enzyme vitality value of CAT, GSH-Px and
SOD were significantly declined with the addition of H,O, (p < 0.05);
but SBP could significantly increase their enzyme activity (p < 0.05),
indicating that SBP could increase antioxidant enzyme activity in
H,0,-induced IPEC-]2 cells to alleviate H,O,-induced oxidative stress.

4 Discussion

Oxidative stress or dysregulation of cellular redox can lead to a
variety of animal diseases (Demmig-Adams and Adams, 2002). The
degree of oxidative stress is determined by ROS concentration and the
duration of exposure, the cell types, and the antioxidant capacity of the
cell (Saberi et al,, 2008). Numerous antioxidant characteristics of
soybean hydrolysates such as scavenging free radicals and chelating
metal ions as well as preventing lipid peroxidation have been
demonstrated (Moure et al., 2006; Pena-Ramos and Xiong, 2002; Zhang
etal, 2010). In order to obtain high yield of soybean peptides, alkaline
proteases have been used (Arise et al., 2016; Shi et al., 2014). This study
showed that more than two thousands kinds of soybean peptides were
successfully achieved from soybean meal by hydrolysis of alkaline
protease after modifying the enzymatic hydrolysis conditions, which
provided the novel peptides for their future applications.

The biological function of peptides has been reported to
be correlated with their molecular weights, and the peptides within
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FIGURE 2

Effect of different H,O, concentrations on IPEC-J2 cell viability after
1 h treatment (n = 6). The different lowercase letters on the bars are
significantly different (p < 0.05), while the same lowercase letters on
the bars are insignificantly different (p > 0.05).

500-1,500 Da had a higher antioxidant capacity compared to other
peptides (Sarmadi and Ismail, 2010; Yan et al., 2015). Another report
indicated that the peptides with small molecular weight (< 3 kDa)
inhibited oxidative stress and neuroinflammation well in LPS-induced
cognitive impairment mice (Wen et al., 2022). This study showed that
the molecular weights of 57.13% SBP were 500-1,500 Da, and 95.76%
SBP were smaller than 3 kDa, indicating that SBP prepared in this
study was able to alleviate oxidative stress effectively. The peptides
mentioned in Table 2 had molecular weights ranging from 677.41 to
1296.70 Da, which may be linked to their antioxidant potential.
Furthermore, peptides as one kind of antioxidant are correlated with
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Effect of different SBP concentrations on IPEC-J2 cell viability at different incubation time (n = 6). The different lowercase letters on the bars are
significantly different (p < 0.05), while the same lowercase letters on the bars are insignificantly different (p > 0.05).
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Effect of different SBP concentrations on IPEC-J2 cell viability induced by H202 after different SBP pretreatment time (n = 6). The different lowercase
letters on the bars are significantly different (p < 0.05), while the same lowercase letters on the bars are insignificantly different (p > 0.05).
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their amino acid composition. Strong antioxidants have been found
to be the peptides containing amino acid residues like leucine (Leu),
phenylalanine (Phe), valine (Val), tyrosine (Tyr), alanine (Ala),
proline (Pro), and methionine (Met) (Farvin et al., 2016; Sarmadi and
I[smail, 2010; Yan et al., 2015). It is inferred that all the identified
peptides containing more than one such amino acid residue in this
study may have the anti-oxidative properties.

H,O0, is more stable in vivo than other types of ROS, so it is often
used to study redox-regulated processes (Paszti-Gere et al., 2012). In
order to create a model of SBP on alleviating oxidative stress, H,O,
was used in this study. This study indicated that H,O, significantly
decreased cell viability. This study also showed that high SBP

Frontiers in Sustainable Food Systems

concentrations and long-term treatment decreased cell viability.
Previous study showed that high-level soybean peptides addition
(more than 100 pg/mL) decreased cell viability (Zhang et al., 2020),
corresponding with this study. The reason may be due to the
interaction between cells and peptides. However, optimal SBP
concentrations was found to have the best protective effect on H,0,-
induced IPEC-J2 cells at concentrations of 100-800 pg/mL. The
protective effect of these peptides may be partially attributed to the
fact that their ability to neutralize intracellular ROS, inhibit lipid
peroxidation, and enhance antioxidant enzymes.

Occludin, ZO-1 and Claudin-1, are part of a junctional
multiprotein complex that maintains the intestinal epithelial barrier
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FIGURE 5

Effect of SBP on relative mRNA abundances and protein expressions of tight junction protein in H,O,-induced IPEC-J2 cells. (A—C) The mRNA
abundances of ZO-1, Occludin and Claudin-1 (n = 5). (D) Western blot analysis of ZO-1 and Claudin-1 (n = 3). (E,F) The protein expressions of ZO-1
and Claudin-1 (n = 3). Control (IPEC-J2 cells were treated with HGDMEM), H,0O, (1 mM H,O, treatment for 1 h), SBP + H,0, (100 pg/mL SBP
pretreatment for 12 h followed by 1 mM H,O, treatment for 1 h), SBP (100 pg/mL SBP incubation for 13 h). Compared with the control group, "*"
indicates p < 0.05; compared with single H,O, group, “#" indicates p < 0.05; "ns" indicates p > 0.05.
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FIGURE 6

Effect of SBP on relative mRNA abundances of cell apoptotic genes in H,O,-induced IPEC-J2 cells (n = 5). (A) The mRNA abundances of Bax. (B) The
mMRNA abundances of Bcl-2. (C) The mRNA abundances of caspase-3. Control (IPEC-J2 cells were treated with HGDMEM), H,O, (1 mM H,0, treatment
for 1 h), SBP + H,O, (100 pg/mL SBP pretreatment for 12 h followed by 1 mM H,O, treatment for 1 h), SBP (100 pg/mL SBP incubation for 13 h).
Compared with the control group, “*" indicates p < 0.05; compared with single H,O, group, “#" indicates p < 0.05; "ns” indicates p > 0.05.
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FIGURE 7
Effect of SBP on relative mRNA abundances and protein expressions of antioxidase and Nrf2-related genes in H,O,-induced IPEC-J2 cells. (A—C) The
MRNA abundances of CAT, GPX1 and SOD1 (n = 5). (D—F) The mRNA abundances of HO-1, NQO1 and Nrf2 (n = 5). (G) Western blot analysis of SOD1,
HO-1and Nrf2 (n = 3). (H-J) The protein expressions of SOD1, HO-1 and Nrf2 (n = 3). Control (IPEC-J2 cells were treated with HGDMEM), H,O, (1 mM
H,O, treatment for 1 h), SBP + H,O, (100 pg/mL SBP pretreatment for 12 h followed by 1 mM H,O, treatment for 1 h), SBP (100 pg/mL SBP incubation
for 13 h). Compared with the control group, “*" indicates p < 0.05; compared with single H,O, group, “#" indicates p < 0.05; "ns" indicates p > 0.05.

TABLE 3 Effects of SBP on the activities of SOD, GSH-Px and CAT.

Item Control H,O, SBP+ H,0, SBP
SOD (U/mg protein) 15.48 £ 0.17° 12.24 +1.11¢ 17.20 + 0.99° 26.07 + 0.44°
GSH-Px (U/mg protein) 33.88 +0.28" 18.77 £ 1.69° 28.15 + 1.41° 30.08 +3.60
CAT (U/mg protein) 2.58 +0.25° 1.93 +0.05 2.53 +0.24° 2.51 +£0.41°

Each value represents the mean + SEM (n = 3). The different lowercase letters in the same row indicate significant difference (p < 0.05), while the same lowercase letters in the same row
indicate insignificant difference (p > 0.05).

function (Ashida et al., 2012), which are essential part of the animal's ~ mRNA abundances of tight junction protein. Increased expression of
intestinal mucosal barrier, preventing bacteria, endotoxins and other =~ ZO-1 and Occludin genes has been shown to reduce intestinal
harmful substances from crossing the epithelium (Ulluwishewa etal,,  permeability due to tight junction disruption in weaned piglets (Hu
2011). According to this study, adding SBP increased the relative et al., 2013; Zhang and Guo, 2009), this indicated that SBP may
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enhance the compactness of intestinal tight junction proteins,
shielding the intestinal barrier from H,0, damage.

Generally, cell apoptosis was promoted by the expressions of Bax and
Caspase-3. In this study, the level of apoptotic genes of cell was
significantly increased in the single H,O, group, suggesting that H,O,
can lead to cell apoptosis, but mRNA abundances were down-regulated
by SBP addition; therefore, it can be inferred that SBP could alleviate
H,0,-induced apoptosis. The previous report indicated that SBP could
significantly promote IEC-6 cell proliferation, alleviate LPS-induced
intestinal inflammation (Wen et al., 2022), corresponding with this study.

Nrf2 signaling could be one of the possible ways that SBP reduced
oxidative damage. In the normal state, Nrf2 and Keap1 form a complex
in the cytoplasm. When Nrf2 encounters oxidative stress, it separates
from Keapl and moves into the nucleus. There, it constitutes a
heterodimeric polymer with tiny Maf proteins, triggering the
production of several antioxidant enzymes (Kaspar et al., 2009). In
order to maintain a normal redox state and lessen cellular damage,
Nrf2 has been demonstrated to influence the expression level of phase
II metabolic enzyme genes (HO-1 and NQO1) and downstream
antioxidant enzyme genes (SOD1, GPX1, and CAT) (Mine et al., 2015).
In IPEC-J2, this study showed that H,0,-induced damage inhibited the
expression of the Nrf2 protein and its downstream genes (SOD1, CAT,
and HO-1), but with the addition of SBP, all of them were reversed. The
results indicated that promoting the Nrf2 pathway can upregulate the
expressions of related antioxidant enzymes of IPEC-]2 cells.

Intracellularly, H,O, can be removed by GSH-Px and CAT (Valko
etal,, 2007). From the study, H,0, inhibited the antioxidant ability of
GSH-Px, SOD and CAT, leading to a decreased ability to detoxify ROS
through antioxidant enzymes (Halici et al., 2012; Kaur et al., 2006).
However, after oxidative damage, SBP can help the body to improve
the expression of antioxidant enzymes and rebalance the redox state
(Demmig-Adams and Adams, 2002).

5 Conclusion

Pre-incubation of IPEC-]2 cells with 100 mg/kg SBP for 12 h
alleviated H,O,-induced oxidative damage in cells. SBP enhanced the
gene expression level of tight junction proteins, reduced the
expression of apoptotic genes, and increased the antioxidant capacity
of the cells. This ability of SBP may be related to the activation of the
Nrf2-related pathway. These results suggest that soybean peptides
prepared by alkaline protease hydrolysis will be a good candidate to
protect intestinal mucosa from oxidative stress for improving animal
production performance.
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