Glycinin-induced porcine IPEC-J2 cells damage via
the NF-κB/MAPK signaling pathway
Chenglu Peng
Anhui Agricultural University
Zhifeng Sun
Anhui Agricultural University
Lei Wang
Anhui Agricultural University
Yingshuang Shu
Anhui Agricultural University
Mengchu He
Anhui Agricultural University
Hongyan Ding
Anhui Agricultural University
Yu Li
Anhui Agricultural University
Xichun Wang
Anhui Agricultural University
Shibin Feng
Anhui Agricultural University
Jinchun Li
Anhui Agricultural University
Jinjie Wu (  wjj@ahau.edu.cn )
Anhui Agricultural University https://orcid.org/0000-0001-9706-0808

Research article
Keywords: IPEC-J2, glycinin, nuclear factor-kappa B, mitogen-activated protein kinase
Posted Date: May 13th, 2020
DOI: https://doi.org/10.21203/rs.3.rs-16881/v2
License:   This work is licensed under a Creative Commons Attribution 4.0 International License.
Read Full License
Page 1/31

Abstract
Background: Glycinin, a protein found in soybean, is a human and animal allergen that causes damage to
the intestinal barrier. However, its mechanisms of action remain unclear. Therefore, in this study, the
intestinal porcine epithelial cell line IPEC-J2 was used to evaluate the effect of glycinin concentration on
the intestinal epithelium and identify the related signaling pathways.
Results: IPEC-J2 cells were divided into seven treatment groups and a control group; the cells were treated
for 24 h with 1, 5, or 10 mg/mL glycinin or with 5 mg/mL glycinin after 30 min of pre-treatment with 1
μmol/L nuclear factor-kappa B (NF-κB) inhibitor (pyrrolidine dithiocarbamate), inducible nitric oxide
synthase inhibitor ( N -ω-nitro-l-arginine methyl ester), Jun N-terminal kinase (JNK) inhibitor (SP600125),
or p38 inhibitor (SB202190). A series of molecular and biochemical experiments revealed that the levels
of NF-κB, p38, and JNK, as well as their downstream proteins, were increased after treatment compared
to those in the control group.
Conclusion: Glycinin damaged IPEC-J2 cells in a concentration-dependent manner via the NF-κB/MAPK
signaling pathway.

Background
Many studies have shown that soy-containing foods have a positive impact on health; for example, they
reduce high cholesterol levels, cancer [1], acute malnutrition [2], and obesity [3]. Because of these
properties, the use of soybeans in the food and feed industries is increasing. Researchs suggested that
piglets are especially susceptible to soybean-induced intestinal damage when weaned onto glycinincontaining diets [4-6]. Soybean is considered an important source of allergens in both humans and
animals [7,8]. As the major seed protein in soybean, glycinin has been identified as the main food allergen
[9,10]. Glycinin dissociates into acidic (A, 31–45 kDa) and basic (B, 18–20 kDa) polypeptide chains [11].
A1aB2 (G1), A1bB1b (G2), A2B1a (G3), A3B4 (G4), and A5A4B3 (G5) are the five major subunits
characterized in glycinin [12]. Researchers have demonstrated that glycinin reduced the expression of TJ
proteins in the intestinal porcine epithelial cell line [13-16]. Tight junctions (TJs) are essential proteins and
include claudins, occludin, and junctional adhesion molecules that safeguard animal intestinal health.
These proteins are aggregated and stabilized by cytoplasmic scaffold proteins known as zonula
occludens (ZO) and the cytoskeletal protein F-actin [13,17]. However, the mechanism by which glycinin
damages the intestinal barrier is unclear. Therefore, studies are needed to improve the understanding of
soybean allergies.
The intestinal tract digests the chyme from the stomach and absorbs nutrients into the blood and lymph;
moreover, it protects against the entry of harmful entities [14,16]. Soybean allergies typically cause
intestinal inflammatory diseases and induce intestinal cell proliferation, apoptosis, and migration [15,18].
However, few studies have investigated the effects of glycinin on the mechanisms of signaling pathways.
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Feeding conditions, feeding patterns, and nutrient sources directly affect epithelial cell proliferation and
differentiation, which are primarily regulated by mitogen-activated protein kinase (MAPK). There are three
downstream MAPK pathways, the extracellular signal-regulated kinase (ERK), p38, and Jun N-terminal
kinase (JNK) pathways, which are typically activated in rapidly dividing intestinal cells [19]. In addition,
nuclear factor-kappa B (NF-κB) is a critical regulator of pro-inflammatory gene expression by causing the
transcription of pro-inflammatory cytokines, chemokines, adhesion molecules, matrix metalloproteinases,
cyclooxygenase-2 (COX-2), and inducible nitric oxide synthase (iNOS) [20,21]. At elevated level, iNOS
could bind to receptors on the cell surface and ultimately activate NF-κB. Moreover, tumor necrosis factorα (TNF-α) can activate NF-κB [22]. NF-κB and the activator protein-1 (AP-1) complex (composed of c-Fos
and c-Jun subunits) play critical roles in the transcriptional regulation of genes that encode inflammatory
mediators [23].
In this study, we used the IPEC-J2 cell line because it closely mimics cells in the intestine. Nontransformed IPEC-J2 cells can be separated from the small intestine of pigs. IPEC-J2 culture is the most
effective porcine epithelial cell model because it retains most of its epithelial nature [24]. The severity of
an allergic reaction to glycinin depends on its concentration; higher concentrations induce a more severe
allergic reaction [9]. Our previous research showed that glycinin causes IPEC-J2 cell damage [25].
Therefore, we evaluated different concentrations of glycinin in this study. Based on the known effects of
glycinin on intestinal permeability and our previous observations on the effects of soybean antigen
proteins in piglets [5,26], we hypothesized that glycinin causes IPEC-J2 cell damage. IPEC-J2 cells were
were therefore selecteda as an intestinal epithelial cell model to illustrate the effect of glycinin on cells
and support our previous in vivo experiments. We also demonstrated the potential molecular mechanism
of glycinin-induced IPEC-J2 cell damage by adding various inhibitors.

Results
Purity of glycinin
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) to separate glycinin revealed two
bands, which included the acidic and basic subunits (Fig. 1). The purity of glycinin was approximately
90%.

Cell viability after glycinin exposure
To illustrate the effects of glycinin on IPEC-J2 cells, cell viability was analyzed 24 h after exposure to
different concentrations of glycinin (groups B–D) alone or in the presence of different pathway inhibitors
[group I1, NF-κB inhibitor: pyrrolidine dithiocarbamate (PDTC); I2, iNOS inhibitor: N-ω-nitro-l-arginine
methyl ester (L-NAME); I3, JNK inhibitor: SP600125; and I4, p38 inhibitor: SB202190]. Compared to that in
group A (untreated control cells), cell viability was significantly decreased in the aforementioned
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treatment groups (Fig. 2a). Compared to that in group C (intermediate concentration of glycinin), the
viabilities of IPEC-J2 cells in groups I1, I2, I3, and I4 were significantly increased (p < 0.01 or p < 0.05).
Alkaline phosphatase (ALP) activity analysis
As shown in Fig. 2b, ALP levels were significantly upregulated in groups B–I4 compared to those in group
A (p < 0.01 or p < 0.05). However, ALP levels were significantly downregulated in groups I1, I2, I3, and I4
compared to those in group C (p < 0.01).

Enzyme-linked immunosorbent assay (ELISA)
As shown in Fig. 3, the levels of caspase-3, caspase-8, TNF-α, interferon-α, COX-2, 5-HT, interleukin (IL)-2,
IL-6, and IL-4 were significantly enhanced in the treatment groups compared to in group A (p < 0.01).
However, the levels were decreased significantly in groups I1, I2, I3, and I4 compared to those in group C
(p < 0.01).

Transmission electron microscopy
As shown in Fig. 4, IPEC-J2 cells in group A had intact nuclei with uniform chromatin dispersion, whereas
those in group C had mitochondrial alterations. In group D, the cells showed vesicles in the cytoplasm,
mitochondria, and endoplasmic reticulum, whereas the nucleus itself was decomposed into many
discrete fragments. Moreover, highly concentrated chromatin was found near the inner core membrane of
cells in group D. Compared to that of cells in group C, the internal structure of IPEC-J2 cells in groups I1,
I2, I3, and I4 was relatively intact; the cytoplasmic density was superior, mitochondria and endoplasmic
reticulum were complete, and chromatin in the nucleus was homogenously dispersed.

Effect of glycinin on TJ and cytoskeleton proteins of IPEC-J2 cells
The effects of glycinin on the TJ (occludin, claudin-1, and ZO-1) and cytoskeleton proteins are shown in
Fig. 5 and Fig. 6. The expression of TJ proteins was investigated by western blot analysis, quantitative
real-time polymerase chain reaction (qRT-PCR), and immunofluorescence, whereas expression of the
cytoskeleton proteins was investigated by immunofluorescence. In the groups treated with glycinin, the
protein and mRNA expression of TJs was significantly decreased (p < 0.01 or p < 0.05). However, the
expression of TJ protein and mRNA in IPEC-J2 cells in groups I1, I2, I3, and I4 was significantly increased
compared to that in group C (p < 0.01 or p < 0.05).
Immunofluorescence signals of the TJs in groups B, C, and D were significantly weaker than those in
group A, and the cellular junction location was obscure, indicating that the expression of TJ proteins was
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lower than that in the control group. However, the TJ proteins in groups I1, I2, I3, and I4 were more clearly
identifiable at the cell-cell contact regions compared to group C.
As shown in Fig. 7, the cytoskeleton proteins in group B were slightly degraded, whereas those in groups
C and D were severely degraded. However, the cytoskeletal proteins in groups I1, I2, I3, and I4 were only
slightly degraded. The addition of inhibitors diminished glycinin-induced intestinal barrier dysfunction
and TJ levels.

Effect of glycinin on NF-κB/MAPK-related mRNA and protein expression
The relative mRNA expression of NF-κB, iNOS, JNK, p38, and their downstream genes was significantly
increased (p < 0.01 or p < 0.05) in groups B, C, and D compared to in group A (Fig. 8). However, preincubation with the inhibitors significantly inhibited glycinin-induced expression of NF-κB, JNK, p38, iNOS,
and their associated genes in groups I1, I2, I3, and I4 (p < 0.01 or p < 0.05).
The results of the western blot analysis are shown in Fig. 9 and Fig. 10. Glycinin significantly increased (p
< 0.01 or p < 0.05) the phosphorylation levels of JNK, p38, ERK, NF-κB p65, c-Fos, c-Jun, and I kappa B
kinase (IKK) α/β. However, phosphorylation was lower in groups I1, I2, I3, and I4 than in group C (p < 0.01
or p < 0.05).
As shown in Fig. 11, compared with group A, groups B, C, and D showed significant increases in the
expression of NF-κB proteins (red signal). In the control group, NF-kB was mainly expressed in the
cytoplasm. However, glycinin treatment increased the expression of NF-κB proteins in the nucleus.

Analysis of cell apoptosis rate by flow cytometry
As shown in Fig. 12, glycinin increased the proportion of apoptotic IPEC-J2 cells. The rate of apoptosis
was significantly increased in groups B, C, and D compared to that in the control group (p < 0.01).
However, the apoptosis rate was decreased in groups I1, I2, I3, and I4 compared to that in group C (p <
0.01).

Electrophoretic mobility shift assay (EMSA)
A significant correlation was observed between glycinin concentration and DNA-binding activity of NF-κB
p65, cAMP response element-binding (CREB), and AP-1 subunit in IPEC-J2 cells. The NF-κB p65, CREB,
and AP-1 DNA-binding activities were significantly increased in groups B, C, and D compared to those in
group A (p < 0.01; Fig. 13). However, the binding activities were significantly decreased in groups I1, I2, I3,
and I4 compared to those in group C (p < 0.01).
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Discussion
The eﬀect of glycinin on signaling pathways involved in intestinal damage in epithelial cells remains
elusive. TJs are generally known to create continuous cell-cell contacts, which form paracellular barriers
and pores that determine their permeability and form an intercellular barrier, sealing off the intercellular
space between adherent epithelial cells. ZO proteins, such as ZO-1, maintain the complex integrity of TJs
primarily by linking claudins, occludin, and cytoskeletal proteins [25,27,28]. Overall, the TJ-cytoskeleton
structure is an essential part of the intestinal barrier. The function of TJs depends on their protein
expression level and membrane distribution [30].
In the present study, we determined the expression and distribution of claudin-1, ZO-1, and occludin by
western blotting and cell immunofluorescence and studied their cytoskeletal structures. The results
indicated that glycinin disrupted the TJ and cytoskeletal structures and increased epithelial permeability,
resulting in IPEC-J2 cell injury and apoptosis in a concentration-dependent manner. Chen et al. [30]
reported that glycinin caused intestinal injury by inhibiting the growth of intestinal cells, damaging the
cytoskeleton, and inducing apoptosis in piglets. Intestinal ALP has the basic function of maintaining
epithelial integrity, and its loss may increase inflammation and sepsis. Increased ALP levels indicated
that glycinin damaged cell membranes. Furthermore, flow cytometry results indicated that glycinin
significantly increased the proportion of apoptotic cells. However, the addition of NF-κB, iNOS, JNK, and
p38 inhibitors efficiently prevented glycinin-induced apoptosis.
Zhao et al. [16] investigated the epithelial permeability, integrity, metabolic activity, and TJ distribution
and expression in IPEC-J2 cells treated with glycinin. They reported that the expression of claudin-3,
occludin, and ZO-1 was reduced. Our observations are consistent with those of the previous study;
however, the mechanism of these effects was unclear. We previously found that glycinin impaired
intestinal function by affecting NF-κB, JNK, and p38 expression in piglets [31]. Herein, we demonstrated
that glycinin caused intestinal barrier damage in vitro in IPEC-J2 cells. To assess whether the damaging
effects of glycinin are associated with apoptosis in vitro, further studies are needed.
Western blotting results demonstrated that phosphorylation levels of MAPK, NF-κB, and their associated
proteins were significantly upregulated after treatment with glycinin; however, these levels were
significantly decreased when the cells were pre-treated with inhibitors for 30 min. The relative mRNA
expression levels of apoptosis-associated genes were consistent with protein expression levels
determined by western blotting. Furthermore, IPEC-J2 cell viability was improved when inhibitors were
added to block glycinin-induced apoptosis. Based on these findings, we inferred that glycinin induces
IPEC-J2 cell damage by upregulating NF-κB/MAPK.
Three well-characterized MAPK proteins (ERK, JNK, and p38) are activated in response to a variety of
extracellular stimuli, widely mediating signal transduction from the cell surface, and are involved in cell
proliferation, apoptosis, differentiation, and movement in mammals [32]. The NF-κB and MAPK signaling
pathways are essential for the expression and production of several pro-inflammatory cytokines and
mediators [33,34]. The regulation of cell functions by MAPKs is mediated mostly via the phosphorylation
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of their downstream substrates, including AP-1, which is a dimeric transcription factor composed of Jun,
Fos, and automatic transmission fluid subunits and forms various homodimers (complexes of identical
monomers) and heterodimers (complexes of non-identical monomers) binding to a common DNA site,
the AP-1 binding site sequence. Additionally, it has been established that AP-1 is mainly mediated by
various signaling molecules such as ERK1/2 and JNK [35].
EMSA results indicated that glycinin increased AP-1 binding activity (Fig 13), and qRT-PCR results
indicated that 1, 5, 10 mg/mL glycinin upregulated the relative mRNA expression levels of AP-1 (Fig 8).
However, after pre-treatment of IPEC-J2 cells with 1 μmol/L JNK or p38 inhibitor, the AP-1 binding activity
and relative mRNA expression levels were significantly decreased. ALP activity showed a significant
increase, indicating the destruction of cellular integrity induced by 1, 5, 10 mg/mL glycinin (Fig 3b), which
is consistent with the changes in expression of TJ and cytoskeleton proteins. It has been shown that p38
MAPK can induce CREB binding to cAMP response elements [36].
In the present study, CREB binding activity and relative mRNA expression levels were remarkably
increased after 1, 5, 10 mg/mL glycinin treatment; however, pre-treatment of IPEC-J2 cells with a JNK
inhibitor significantly reduced CREB binding activity and relative mRNA expression levels, consistent with
the results of AP-1 activity. In addition, the activation of MAPK is critical for the production of
inflammatory mediators by controlling NF-κB activity [22]. The released NF-κB subunit translocates into
the nucleus and promotes the transcription of genes such as TNF-α and IL-6 [37]. In this study, the NF-κB
phosphorylation levels, protein expression, and binding activity were significantly increased after glycinin
treatment; pre-treatment of IPEC-J2 cells with NF-κB and iNOS inhibitors significantly decreased the
mentioned parameters, which agreed with the EMSA results. The relative mRNA expression of apoptosisassociated genes, including IKKβ, iNOS, and IKKα, was significantly increased with increasing
concentrations of glycinin; however, these levels were significantly decreased when IPEC-J2 cells were
pre-treated with NF-κB, iNOS, JNK, or p38 inhibitors, which is consistent with the expression of apoptosisrelated proteins.
In conclusion, our study provides insights into the mechanism of glycinin-induced intestinal cell damage
and the associated signaling pathways. Our findings suggest that glycinin causes injury to IPEC-J2 cells
through the NF-κB/MAPK signaling pathway.

Materials And Methods
Preparation of glycinin
Glycinin was provided by Professor Shuntang Guo of the College of Food Science and Nutritional
Engineering at China Agricultural University (Patent No: 200,410,029,589.4, China). The purified product
contained over 90% glycinin, determined by SDS-PAGE analysis, as reported by Hao et al. [31] to
guarantee the best quantitative determination.
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Cell culture and reagents
The IPEC-J2 cell line was obtained from the China Center for Type Culture Collection (Wuhan, China) and
cultured in RPMI-1640 medium (Thermo Fisher Scientific, Waltham, MA, USA) containing 10% fetal
bovine serum (Clark Bioscience, Richmond, VA, USA), 100 U/mL penicillin, and 100 µg/mL streptomycin
in a humidified incubator with 5% CO2 at 37℃. The culture medium was changed every day.

Experimental design
After 24 h of culture, the IPEC-J2 cells were divided into eight groups: A (control group; untreated cells), B
(1 mg/mL glycinin group), C (5 mg/mL glycinin group), D (10 mg/mL glycinin group), I1 [5 mg/mL
glycinin + 1 μmol/L pyrrolidine dithiocarbamate (PDTC) group], I2 [5 mg/mL glycinin + 1 μmol/mL N-ωnitro-l-arginine methyl ester (L-NAME) group], I3 (5 mg/mL glycinin + 1 µmol/L SP600125 group), and I4
(5 mg/mL glycinin + 1 µmol/L SB202190 group). The treated groups B, C, and D were cultured with the
indicated concentrations of glycinin for 24 h. Groups I1, I2, I3, and I4 were pre-treated with the pathway
inhibitors PDTC, L-NAME (Beyotime Biotechnology, Shanghai, China), SP600125, or SB202190
(MedChem Express, Shanghai, China) for 30 min.
Measurement of cell viability
Cell proliferation was determined by the Cell Counting Kit-8 (CCK-8; Dojindo Molecular Technologies,
Kumamoto, Japan) assay. Briefly, the cells were plated in 96-well plates at a density of 2 × 103 cells/well
and incubated overnight. Next, the cells were treated for 24 h with 1, 5, or 10 mg/mL glycinin or 5 mg/mL
glycinin after pre-treatment with 1 μmol/L NF-κB inhibitor (PDTC), iNOS inhibitor (L-NAME), JNK inhibitor
(SP600125), or p38 inhibitor (SB202190). Next, 10 μL CCK-8 reagent was added to each well, and the
plates were incubated for 1 h at 37℃. A Multiskan MS plate reader (Thermo Fisher Scientific) was used
to measure the optical density values at 450 nm.

ALP activity
Cell membrane integrity was determined by measuring ALP levels in the supernatant. The cells were
treated with glycinin and inhibitors, as described above. After treatment, the cell culture supernatant was
collected, and the ALP level was detected using an ALP test kit according to the manufacturer’s
instructions (Jiancheng, Nanjing, China).

ELISA
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The levels of caspase-3, caspase-8, TNF-α, interferon-α, COX-2, 5-HT, IL-2, IL-6, and IL-4 levels were
measured after treatment of IPEC-J2 cells with glycinin and inhibitors by ELISA to detect the expression
of pro-inflammatory cytokines, according to the manufacturer’s instructions (Nanjing SenBeiJia
Biological Technology Co., Ltd., Nanjing, China). First, 500 μL of 0.1 mol/L Tris-HCl (Beyotime
Biotechnology; pH 7.4) containing 0.1% Triton X-100 (Beyotime Biotechnology) was mixed with each
sample. Subsequently, each sample was subjected to prolonged sonication in ice-cold water, the obtained
cell lysate was centrifuged at 1000 ×g for 10 min, and the supernatant was collected. The concentrations
of COX-2 and caspases were determined from standard curves.

Transmission electron microscopy
After treatment, the samples were cut into ultrathin sections (less than 1 mm3) with a glass knife on an
ultramicrotome. The sections were stained with aqueous strontium, and digital images were acquired
using a JEM-1230 transmission electron microscope (JEOL, Akishima, Tokyo, Japan). Transmission
electron microscopy was performed as described in our previous study [25].

qRT-PCR
IPEC-J2 cells were plated into a 24-well plate at a density of 1.3 × 106 cells/well and cultured overnight.
The total RNA was extracted from IPEC-J2 cells using RNAiso Plus (TaKaRa Biotechnology, Shiga,
Japan). The relative gene expression levels were determined using the 2−ΔΔCt method. For each sample,
500 ng of total RNA was reverse-transcribed (AT341, TransGen, Beijing, China). The PCR protocol was as
follows: 95℃ for 30 s, followed by 40 cycles at 95℃ for 5 s and 60℃ for 30 s, according to the
manufacturer's protocol. The primer sequences used for qRT-PCR ampliﬁcation are shown in Table 1.

Western blot analysis
Western blotting was performed to detect protein concentrations as described previously [25]. Briefly, the
cells were washed with phosphate-buffered saline (PBS), homogenized in 150 µL ice-cold RIPA lysis
buffer (Beyotime Biotechnology), and then centrifuged to collect the supernatant. The protein
concentration in the supernatant was determined by the bicinchoninic acid protein assay according to the
manufacturer’s instructions (Beyotime Biotechnology). All protein samples were subjected to the same
treatment and were adjusted to equal concentrations. Samples were diluted with 5× loading buffer and
then heated at 95℃ for 5 min. Equal amounts of total protein were subjected to electrophoresis on 10%
SDS-PAGE and then transferred to a polyvinylidene ﬂuoride membrane (Millipore, Billerica, MA, USA)
using the wet transfer method. Nonspecific sites were blocked with 3% bovine serum albumin in Trisbuffered saline/Tween-20 buffer (TBST) at 37℃ for 4 h. The membranes were then rinsed three times
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with TBST and incubated overnight (12–16 h) at 4℃ with the indicated primary antibodies, followed by
incubation with a goat anti-rabbit horseradish peroxidase-conjugated IgG secondary antibody at 26℃.
Table 2 shows the antibodies used and the dilution ratio.

Flow cytometry analysis
Flow cytometry analysis was carried out using an Annexin V-FITC apoptosis detection kit (BD
Biosciences, Franklin Lakes, NJ, USA) as described previously [25]. After treatment, the samples were
harvested and subjected to Annexin V-FITC/propidium iodide double staining for 10 min. Finally, the
samples were analyzed by flow cytometry (BD Biosciences).

Cell immunofluorescence assay
Cell immunofluorescence was analyzed to assess the expression and location of TJ proteins (ZO-1,
occludin, claudin-1, and p65) and F-actin (a cytoskeletal protein), as previously described [25]. Briefly,
IPEC-J2 cells were seeded onto coverslips in a 24-well plate (BD Falcon, Corning, Inc., Corning, NY, USA)
and allowed to become confluent. After treatment with glycinin and inhibitors, the samples were washed
three times with PBS, fixed for 30 min in 4% polyoxymethylene, and then again washed three times with
PBS.
For occludin, claudin-1, ZO-1, p65, and F-actin staining, cells seeded on coverslips were incubated in 0.5%
Triton X-100 for 20 min and then in 0.5% bovine serum albumin for 1 h. Subsequently, the cells were
incubated with primary antibodies (against occludin, claudin-1, ZO-1, and p65) overnight at 4℃, washed
with PBS three times, and then incubated with a fluorescein isothiocyanate (FITC)-conjugated secondary
antibody (dilution 1:100; E-AB-1016) for 2 h. The cell nuclei were stained with DAPI (Abcam, Cambridge,
UK). Finally, the coverslips were mounted onto glass slides and observed under a laser scanning confocal
microscope (Olympus, Tokyo, Japan). F-Actin staining was performed using FITC-phalloidin (Abcam).

EMSA
To confirm the effects of glycinin on the DNA protein binding activity, EMSA binding reactions were
performed as described previously [25]. Biotin-labeled AP-1, p65, and CREB were obtained from Nanjing
KeyGen Biotech Co., Ltd. (Nanjing, China). Briefly, cytoplasmic extraction reagents and biotinylated
promoter DNA probes were incubated in binding buffer for 30 min. After incubation, the total cellular
protein-DNA complex was separated on 4% nondenaturing polyacrylamide gels in Tris-borate EDTA buffer
(Nanjing KeyGen Biotech Co., Ltd.) and then transferred and fixed on a nylon membrane. Cold biotinlabeled probes at 25- and 100-fold excess were employed as controls and visualized by
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chemiluminescence procedures. Imaging with G: BOX chemiXR5 gel imaging system. The sequence of
the consensus oligonucleotide is provided in Table 3.

Data analysis
All results were analyzed with general linear models using SPSS version 20 (SPSS, Inc., Chicago, IL, USA).
Duncan’s multiple range tests were used to assess the differences between means. p < 0.05 indicated
statistically significant differences. The flow cytometry results were processed using FlowJo software
(FlowJo V10, Ashland, OR, USA), whereas western blotting results were processed using Quantity One
one-dimensional analysis software (Bio-Rad, Hercules, CA, USA). Histograms were plotted using
statistical software GraphPad Prism version 7 (GraphPad Software, San Diego, CA, USA).
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Tables
Table 1. Primer sequences for qRT-PCR ampliﬁcation.

Page 15/31

Gene

Accession number

Primer

Sequences (5′→3′)

Product

p38

XM_001929490.5

Forward

AAGACTCGTTGGAACCCCAG

150 bp

Reverse

TCCAGCAAGTCAACAGCCAA

Forward

CAAGCACCTTCACTCTGCTG

Reverse

TCAGGTGCTCTGTAGTAGCG

Forward

GGGTCAGAGCTACCATCCTC

Reverse

CGTCCATGCAGAGAACCTTG

Forward

CACTCTTACAGCGACAGCAC

Reverse

CCACCTTGGGCAGTAGATCA

Forward

ACCTGGCTCCCAACGACTT

Reverse

AGATCCCGATGGATGATTCTG

Forward

TGCACGGCGGCAATATTAAA

Reverse

AGTGGAAGTGTGCGACTACA

Forward

CTCGCTCGCACTCTTGCTCTC

Reverse

AATAGGCGGACGAGGCAGAAG

Forward

GGGCTCTTGGCTTGCTATTC

Reverse

AAGGCCTCGGAATCTCCAAA

Forward

GGCAGATCCAGTGCAAAGTC

Reverse

CCCAGCAGGATGCCAATTAC

Forward

CATTATGCACCCAGCAACGA

Reverse

GCACATCACGATAACGAGCA

Forward

GGTGGCCCAGCTTAAACAAA

Reverse

AACTGCTGCGTTAGCATGAG

Forward

TTGCCACATTAGCCCAGGTA

Reverse

AAAGTTACGGTGGGAGCAGA

Forward

CTGGACTTCGAGCAGGAGATGG

Reverse

TTCGTGGATGCCGCAGGATTC

JNK

iNOS

IKKα

IKKβ

COX-2

NF-κB p65

ZO-1

Claudin-1

Occludin

AP-1

CREB

actin

NC_010456.5

NM_001143690.1

NM_001114279.1

NM_001099935.1

NC_000845.1

ID:100514505

NC_010443.5

NC_010455.5

NC_010458.4

NC_010448.4

NC_010457.5

414396

Table 2. Antibodies and their dilutions used for western blotting.
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168 bp

114 bp

145 bp

184 bp

156 bp

173 bp

160 bp

94 bp

168 bp

72 bp

67 bp

168 bp

Antibody

Supplier

Dilution

NF-κB

Proteintech 10745-1-AP

1:1000

P- NF-κB

Santa Cruz sc-136548

1:1000

iNOS

Novusbio NBP1-33780

1:1000

IKKα/β

Immunoway YT2301

1:1000

P-IKKα/β

Affbiotech AF3013

1:1000

JNK

Santa Cruz sc-7345

1:500

P-JNK

ImmunoWay

YP0157

1:500

P38

Immunoway YT3513

1:800

P-P38

Santa Cruz sc-166182

1:800

ERK

Santa Cruz sc-514302

1:1000

p-ERK

Santa Cruz sc-81492

1:1000

c-jun

Bioss bs-0670R

1:1500

P-c-jun

Affbiotech AF3095

1:1000

c-fos

Abcam ab190289

1:1000

P-c-fos

Affbiotech AF0132

1:1000

claudin-1

Novusbio NBP1-77036

1:1000

ZO-1

Novusbio NBP1-85047

1:1000

Occludin

Abcam ab31721

1:1000

β-actin

Absin abs132001

1:1000

IgG (H+L)

bs-40295G-IRDye8

1:5000

Table 3. Sequence of consensus oligonucleotide.
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Gene

Primer

Sequences

NF-κB p65

Forward

5′-AGT TGA GGG GAC TTT CCC AGG C-3′

Reverse

3′-TCA ACT CCC CTG AAA GGG TCC G-5′

Forward

5′-AGA GAT TGC CTG ACG TCA GAG AGC TAG-3′

Reverse

3′-TCT CTA ACG GAC TGC AGT CTC TCG ATC-5′

Forward

5′-CGC TTG ATG ACT CAG CCG GAA-3′

Reverse

3′-GCG AAC TAC TGA GTC GGC CTT-5′

CREB

AP-1

Figures

Figure 1
SDS-PAGE for preparation of glycinin. Acid subunit is 31-45 kDa, basic subunit is 18-20kDa.
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Figure 2
Cell viability and alkaline phosphatase (ALP) activity. IPEC-J2 cells were treated for 24 h with 1, 5, or 10
mg/mL glycinin or with 5 mg/mL glycinin after 30 min of pre-treatment with 1 μmol/L PDTC, L-NAME,
SP600125, or SB202190, Cell viability (a) and ALP (b) were detected by CCK-8 and ALP kits, respectively.
Data are presented as mean ± standard deviation (n = 3). *p < 0.05 and **p < 0.01 vs group A; #p < 0.05
and ##p < 0.01 vs group C.
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Figure 3
Cytokine, caspases-3/-8, and COX-2 levels in glycinin-treated intestinal porcine epithelial cells. Intestinal
porcine epithelial cells were treated for 24 h with 1, 5, or 10 mg/mL glycinin or with 5 mg/mL glycinin
after 30 min of pre-treatment with 1 μmol/L PDTC, L-NAME, SP600125, or SB202190, the levels of
caspase-3, caspase-8, TNF-α, interferon-α, COX-2, 5-HT, IL-2, IL-6, and IL-4 in the intestinal porcine
epithelial cells were detected by enzyme-linked immunosorbent assay. Data are presented as the mean ±
standard deviation (n = 3). *p < 0.05 and **p < 0.01 vs group A; #p < 0.05 and ##p < 0.01 vs group C.
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Figure 4
Electron microscopy images of intestinal porcine epithelial cells after 24-h treatment with glycinin (5000×;
80.0 kV). Intestinal porcine epithelial cells were treated for 24 h with 1, 5, or 10 mg/mL glycinin or with 5
mg/mL glycinin after 30 min of pre-treatment with 1 μmol/L PDTC, L-NAME, SP600125, or SB202190.
Representative pictures are provided.
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Figure 5
Tight junction protein in glycinin-treated intestinal porcine epithelial cells. Intestinal porcine epithelial cells
were treated for 24 h with 1, 5, or 10 mg/mL glycinin or with 5 mg/mL glycinin after 30 min of pretreatment with 1 μmol/L PDTC, L-NAME, SP600125, or SB202190, zonula occludens-1, claudin-1, and
occludin in intestinal porcine epithelial cells were detected by Western blotting (a, b) and qRT-PCR (c).
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Data are presented as the mean ± standard deviation (n = 3). *p < 0.05 and **p < 0.01 vs group A, #p <
0.05 and ##p < 0.01 vs group C.

Figure 6
Immunofluorescence for claudin-1, occludin, and zonula occludens-1 protein expression in glycinintreated intestinal porcine epithelial cells. Intestinal porcine epithelial cells were treated for 24 h with 1, 5,
or 10 mg/mL glycinin or with 5 mg/mL glycinin after 30 min of pre-treatment with 1 μmol/L PDTC, LPage 23/31

NAME, SP600125, or SB202190. Representative images of immunofluorescence staining (magnification
800×) are provided.

Figure 7
Cytoskeleton proteins in intestinal porcine epithelial cells detected by immunofluorescence after
treatment. Intestinal porcine epithelial cells were treated for 24 h with 1, 5, or 10 mg/mL glycinin or with 5
mg/mL glycinin after 30 min of pre-treatment with 1 μmol/L PDTC, L-NAME, SP600125, or SB202190.
Representative images of immunofluorescence staining (magnification 800×) are provided.
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Figure 8
mRNA expression of nuclear factor-kappa B (NF-κB), Jun N-terminal kinase (JNK), p38, and their
associated genes in intestinal porcine epithelial cells after treatment. Intestinal porcine epithelial cells
were treated for 24 h with 1, 5, or 10 mg/mL glycinin or with 5 mg/mL glycinin after 30 min of pretreatment with 1 μmol/L PDTC, L-NAME, SP600125, or SB202190. Data are presented as the mean ±
standard deviation (n = 3). *p < 0.05 and **p < 0.01 vs group A; #p < 0.05 and ##p < 0.01 vs group C.
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Figure 9
Western blotting to detect phosphorylation levels of Jun N-terminal kinase (JNK), p38, extracellular
signal-regulated kinase (ERK), c-Jun, and c-Fos in intestinal porcine epithelial cells after treatment.
Intestinal porcine epithelial cells were treated for 24 h with 1, 5, or 10 mg/mL glycinin or with 5 mg/mL
glycinin after 30 min of pre-treatment with 1 μmol/L PDTC, L-NAME, SP600125, or SB202190. Data are
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presented as the mean ± standard deviation (n = 3). *p < 0.05 and **p < 0.01 vs group A; #p < 0.05 and
##p < 0.01 vs group C.

Figure 10
Phosphorylation levels of nuclear factor-kappa B (NF-κB), inducible nitric oxide synthase (iNOS), and
IKKα/β in intestinal porcine epithelial cells detected by western blotting. Intestinal porcine epithelial cells
were treated for 24 h with 1, 5, or 10 mg/mL glycinin or with 5 mg/mL glycinin after 30 min of pretreatment with 1 μmol/L PDTC, L-NAME, SP600125, or SB202190. Data are presented as the mean ±
standard deviation (n = 3). *p < 0.05 and **p < 0.01 vs group A, #p < 0.05 and ##p < 0.01 vs group C.
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Figure 11
Nuclear factor-kappa B (NF-κB) protein expression in intestinal porcine epithelial cells detected by
immunofluorescence. Intestinal porcine epithelial cells were treated for 24 h with 1, 5, or 10 mg/mL
glycinin or with 5 mg/mL glycinin after 30 min of pre-treatment with 1 μmol/L PDTC, L-NAME, SP600125,
or SB202190. Representative images of immunofluorescence staining (magnification 800×) are shown.
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Figure 12
Proportion of apoptotic intestinal porcine epithelial cells detected by flow cytometry. Intestinal porcine
epithelial cells were treated for 24 h with 1, 5, or 10 mg/mL glycinin or with 5 mg/mL glycinin after 30 min
of pre-treatment with 1 μmol/L PDTC, L-NAME, SP600125, or SB202190. Data are presented as the mean
± standard deviation (n = 3). *p < 0.05 and **p < 0.01 vs group A, #p < 0.05 and ##p < 0.01 vs group C.
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Figure 13
DNA-binding activity of nuclear factor-kappa B (NF-κB), p65, cAMP response element-binding protein
(CREB), and activator protein-1 (AP-1) in intestinal porcine epithelial cells detected by electrophoretic
mobility shift assay. Intestinal porcine epithelial cells were treated for 24 h with 1, 5, or 10 mg/mL glycinin
or with 5 mg/mL glycinin after 30 min of pre-treatment with 1 μmol/L PDTC, L-NAME, SP600125, or
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SB202190. Data are presented as the mean ± standard deviation (n = 3). *p < 0.05 and **p < 0.01 vs
group A; #p < 0.05 and ##p < 0.01 vs group C.
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