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Soybean can cause allergy in both humans and animals. The herein study aims to identify

the antigenic determinants (epitopes) of β-conglycinin that lead to allergy in different

animal species (swine, bovine, and rats). The epitopes of β-conglycinin were identified

through co-immunoprecipitation and mass spectrometry. The binding abilities of seven

identified epitope peptides to allergic sera of three animal species were compared by

ELISA and dot-blot techniques. Some epitope peptides could be recognized by the three

animal allergic sera, while most epitopes showed some differences in binding abilities to

the different animal sera. The strongest reaction using swine sera was detected with

peptides α2, β2, and β3, but the biggest sensitive regions for bovine and rats were

peptides α2, β1, and β4. Most epitopes of β-conglycinin exhibited different binding

abilities to the three animal sera, in which the biggest sensitive regions were peptides

α2, β2, and β3 for swine, but peptides α2, β1, and β4 were detected for bovine and rats.

Keywords: soybean, β-conglycinin, epitope, allergen, animal species

INTRODUCTION

Soybean is an important source of protein for both animals and humans worldwide. For example,
the raw and processed forms of soybean represent ∼63% of all protein sources. Such forms
are commonly used as protein ingredients in human food and in different animal species feeds
(1). Actually, the applicable amount of soybean meal in animal feeds (pets, poultry, swine, and
bovine diets) exceeds 75% (2). However, soybean can cause allergy in both humans and animals,
leading to some public concerns. At least 21 soybean allergens have been identified in humans
(3), causing allergic symptoms including skin rash, gastrointestinal problems, rhinitis, asthma,
hypotension, and anaphylaxis. Furthermore, soybean protein induces an allergic response in some
animal species, such as swine (4–7), bovine (8, 9), rats (10), and dogs (11).

Allergic responses to soybeans may vary by species (2), breed (12), and age (13–15). For
instance, newly weaned piglets suffering from soybean-induced allergy resulted in growth lag and
malabsorption associated with intestinal histomorphology (16–19). Also, the Chinese indigenous
pigs are less sensitive to soybean proteins than the Landrace pigs (12). Similar to piglets,
preruminant calves exposed to soybean protein also exhibited allergic responses (8, 9). Also, the
soybean-induced allergic rats exhibited incremental intestinal lymphocyte, deepened crypt, fallen
villus, and lessened brush border enzyme activity that lead to malabsorption and even diarrhea
(10). In general, soy allergy widely appears in young animals, but is rarely seen in adult animals
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(13–15). Therefore, understanding the potential difference
among species to allergic responses in the juvenile stage to
soybean protein is essential to minimize the allergic risk of
soybean protein in different animal feeds.

The major soybean allergen β-conglycinin is made up of 67
kDa α-, 71 kDa α′-, and 50 kDa β-subunits (20). In order to
establish the practical methods for allergen diagnosis, treatment,
and even prevention and to provide soybean-breeding strategies
for decreasing allergens, it is imperative to clarify soybean-
allergic pathogenesis. Previous studies of β-conglycinin have
mainly focused on IgG-binding epitopes of α-subunit in piglets
(1), IgE-binding epitopes of α-subunit in humans (21, 22), and
IgG-binding epitopes of β-subunit in multiple animals (e.g., pigs,
dogs, rabbits, and fishes) (2). However, few studies have reported
the epitopes of β-conglycinin in calves and rats which also are
sensitive to soybean β-conglycinin. Moreover, the comparison
of species-specific epitopes was only developed for β-subunit of
β-conglycinin but not for all the three subunits of β-conglycinin.

Therefore, the objectives of this study are to identify the
epitopes of β-conglycinin in different species (swine, bovine, and
rats) and to compare the binding abilities of seven identified
epitope peptides to allergic sera of such animal species. These
results may further clarify the allergic difference of soy protein
among animal species.

MATERIALS AND METHODS

Animal Sera
To conform to national and international research standards, this
study was conducted according to ethical principles governing
the usage of animal samples in research studies of this nature. The
permission to feed animals and to use samples was also acquired
from the Ethical Clearance Committee of Jilin Agricultural
University. The permission numbers for the use and care of
animals are KT2016010 for swine, KT2016015 for bovine, and
KT2016006 for rats. All of the experimental animals were
managed according to the Guidelines for the Care and Use of
Experimental Animals of Jilin Agricultural University.

Oral sensitization by means of diets was adopted in all animal
species. Swine diets were formulated according to the National
Research Council (23). The sensitized model of weaned Duroc
× Landrace × Yorkshire piglets was founded as described by
Sun et al. (4). During the sensitization stage, the piglets in the
sensitized group were fed with an allergic diet using soybean, and
the control diet was given on all the other days. The ingredients
of the swine diets were described in our previous study (7).
Briefly, the control diet contained 11.13% casein, 65.70% corn,
4.50% bran, 7.19% whey powder, 2.0% fish meal, 1.02% digested
tankage, and 8.46% supplement (mineral, vitamins, amino acids,
etc.), based on a dry matter basis. The allergic diet contained 30%
peeled soybean meal, 5.00% soybean, 52.10% corn, 1.30% bran,
and 11.6% supplement (mineral, vitamins, amino acids, etc.),
based on a dry matter basis. The suckling preruminant Holstein
calves were raised by an allergic diet consisting of a soybean
meal which replaces 20% of the milk consumption during the
sensitization stage by the method of Sun et al. (24). The weaned

Sprague–Dawley (SD) rats were orally sensitized by soybean β-
conglycinin according to the method of Guo et al. (25). During
the sensitization stage, the rats in the sensitized group were orally
administrated with 20mg soybean β-conglycinin per day, based
on a special diet without leguminous plants. The ingredients
and nutrients of the rat diet without soybean ingredients were
described in another previous study (26). Briefly, the rat diet
contained 20% casein, 39.7% cornstarch, 13.2% dextrin, 7% corn
oil, 5% cellulose, and 4.8% supplement (mineral, vitamins, amino
acids, etc.), based on a dry matter basis. The animals in the
control group were fed with a leguminous-free diet.

All the sensitized animals had higher β-conglycinin-specific
IgG level. Furthermore, in the active cutaneous anaphylaxis test
(piglets and calves) or the passive cutaneous anaphylaxis test
(rats), the sensitized animals showed that the diameter of red
flares or bluing at the injection sites was >5mm in any direction.
After successfully establishing the sensitized models of the three
animal species, the bloods of allergic animals were collected. A
10-ml sample of blood was withdrawn from the precaval vein of
each piglet or calves using a vacuum tube. A 3-ml sample of blood
was drawn from the heart from each ether-anesthetized mice
using the vacuum tube. The IgG in the allergic sera of different
species was purified by protein A affinity chromatography (GE
Healthcare). The β-conglycinin-specific IgG titer of different
species in the allergy group was detected by the ELISA method.
The IgG of animals in the control group was used as the negative
control. Phosphate buffer solution (PBS) was used as the blank
control. β-Conglycinin-specific IgG titers were determined by
the method of Zhang et al. (27). β-Conglycinin-specific IgG was
positive (+), when the optical density (OD450) value ratio of
sample to negative control was >2:1; otherwise, it was negative
(–). The OD450 value was recorded using the UV-2102PC
ultraviolet–visible spectrophotometer (UNICO Instrument Co.,
Ltd, Shanghai, China).

In vitro Enzymatic Hydrolysis of
β-Conglycinin
β-Conglycinin was sufficiently hydrolyzed according to our
previous method (28). Briefly, β-conglycinin was hydrolyzed
by pepsin (enzyme/substrate, 1:1) for 30min and then by
trypsin (enzyme/substrate, 1:10) for 15min. At the end of the
final hydrolysis, the enzyme was inactivated by heating (80◦C)
for 5 min.

Co-immunoprecipitation
The co-immunoprecipitation (co-IP) experiment was conducted
to separate all the β-conglycinin enzymatic hydrolysates that
could specifically bind to the IgG in the allergic serum from
different animal species. Such experiment was carried out
using the Pierce Crosslink Co-Immunoprecipitation Kit (Pierce
Biotechnology, Rockford, USA). The conditions of all buffers
provided in the kit were conducted strictly in accordance with
the manufacturer’s instructions. First, 30µg IgG from the allergic
serumwas immobilized onto an AminoLink Plus Coupling Resin
on a rotator overnight at 4◦C. Second, β-conglycinin enzymatic
hydrolysates were solubilized using IP lysis/wash buffer at a final
concentration of 7–8 mg/ml. Third, soluble fractions (100–500
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µl) from hydrolysates (input) were incubated at 37◦C for 120min
with IgG-immobilized beads. Fourth, beads were centrifuged at
1,000 × g for 1min and washed three times with PBS before
elution. Then, protein samples (epitope peptides of enzymatic
hydrolysates specially combined with IgG from the allergic
serum) were eluted by the elution buffer.

To determine the effectiveness of elution, we analyzed the
partial protein contents of the samples before and after elution
by bicinchoninic acid kit for protein determination (BCA kit,
Thermo, Waltham, MA, USA).

Mass Spectrometry
The β-conglycinin enzymatic peptides specifically combining to
IgG in the allergic serum were analyzed using an electrospray
ionization tandem mass spectrometry LC-MS-MS (Q-E MS) by
the Beijing Huada Protein Innovation Co., Ltd (Beijing, China).
Mascot protein scores (based on combined MS and MS/MS
spectra) >22 were considered statistically significant (p < 0.05).
The individual MS/MS spectrum with a statistically significant
(confidence interval > 95%) iron score was accepted.

The peptides were dissolved in 0.1% formic acid (solvent A)
and directly loaded onto an Acclaim PepMap C18-reversed phase
column (75µm × 2 cm, 3µm, 100 Å, Thermo Scientific) and
separated with reversed phase C18 column (75µm × 10 cm,
5µm, 300 Å, Agela Technologies) mounted onto a Dionex
ultimate 3,000 nano LC system. Peptides were eluted using
the following gradients: 0–6min 5–8% buffer B; 6–40min 8–
30% buffer B; 40–45min 30–60% buffer B; 45–48min 60–80%
buffer B; 48–56min 80% buffer B; 56–58min 80–5% buffer B
(decreasing to 5%); and 58–65min 5% buffer B at a flow rate
of 400 nl min−1 combined with a Q-Exactive mass spectrometer
(Thermo Fisher Scientific, MA, USA). The eluates were directly
entered for Q-Exactive MS (Thermo Fisher Scientific, Waltham,
MA, USA), setting in a positive ion mode and data-dependent
manner with full MS scan from 350 to 2,000 m/z, full scan
resolution at 70,000, MS/MS scan resolution at 17,500, MS/MS

scan with minimum signal threshold 1E+5, and isolation width
at 2 Da. To evaluate the performance of this mass spectrometry
on the labeled samples, using two MS/MS acquisition modes,
higher collision energy dissociation (HCD) was employed.
Also, to optimize the MS/MS acquisition efficiency of HCD,
normalized collision energy (NCE) was systemically examined
with the value of 28%, and then increased to 20%.

The peptides were characterized by manually interpreting the
MS data with the help of the Mascot search engine version
2.3.01 (Matrix Science, Boston, MA, USA) and the integrated
false discovery rate (FDR) analysis function. The previously
identified amino acid sequences were matched to the known
protein (soybean β-conglycinin) in the publicly available database
(UniProt protein database). The previously identified amino
acid sequences of soybean β-conglycinin (P13916, P11827, and
P25974) were found in the UniProt protein database. All the MS
experiments were tested and analyzed in triplicate.

The identified peptides were submitted to the Immune
Epitope Database and Analysis Resource (http://www.iedb.
org, the National Institute of Allergy and Infectious Diseases,
Bethesda, MD, USA) to match with the epitopes of the allergen
β-conglycinin previously described.

ELISA and Dot-Blot
Based on the herein results and other previous studies (1, 2),
we selected seven epitope peptides that could bind to IgG from
the allergic serum of pigs. These identified epitope peptides with
purity of over 90%were synthesized by the Beijing Huada Protein
Innovation Co., Ltd. (Beijing, China).

The seven synthesized epitope peptides were, respectively,
incubated in an ELISA plate at 37◦C, respectively. The ELISA
assay was performed in the same way as described in the study
of Taliercio and Kim (29). Briefly, the seven synthesized epitope
peptides were used as antigen, and then the optimal dilution
ratio of allergic sera of different species was determined when
the OD was about 1.0. The allergic sera of pigs (diluted 1:100),

TABLE 1 | β-Conglycinin-specific IgG titer of different animal species.

Dilution ratio Pig Calf Rat

Ave OD450 Positive/negative Ave OD450 Positive/negative Ave OD450 Positive/negative

10 1.140 ± 0.101 + 1.249 ± 0.111 + 0.959 ± 0.091 +

20 0.993 ± 0.089 + 1.153 ± 0.095 + 0.806 ± 0.081 +

40 0.922 ± 0.081 + 0.866 ± 0.078 + 0.585 ± 0.053 +

80 0.762 ± 0.067 + 0.728 ± 0.069 + 0.378 ± 0.032 +

160 0.716 ± 0.056 + 0.477 ± 0.041 + 0.264 ± 0.021 +

320 0.473 ± 0.045 + 0.442 ± 0.039 + 0.059 ± 0.004 –

640 0.435 ± 0.039 + 0.398 ± 0.037 + 0.030 ± 0.002 –

1,280 0.192 ± 0.017 + 0.376 ± 0.029 + 0.019 ± 0.001 –

2,560 0.131 ± 0.009 – 0.330 ± 0.021 + 0.018 ± 0.001 –

5,120 0.040 ± 0.003 – 0.153 ± 0.011 + 0.003 ± 0.000 –

10,240 0.016 ± 0.002 – 0.134 ± 0.010 + 0.001 ± 0.000 –

20,480 0.011 ± 0.001 – 0.039 ± 0.004 – 0.001 ± 0.000 –

40,960 0.002 ± 0.000 – 0.015 ± 0.001 – 0.000 ± 0.000 –
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TABLE 2 | Amino acid sequence of the identified epitope peptides of the α-subunit of β-conglycinin using different animal sera.

Amino acid sequence of the

identified epitopes

Protein information in the UniProt database Peptides recognized by different species sera Blast in the epitope database

Accession

no.

m/z Score Pig Bovine Rat Matched

degree

Epitope

no.

Host References

NPFLFGSNR 189–197 P13916 526.270 37.240 + + + Substring 32585

181406

Pig Fu et al. (1)

Sun et

al. (22)

SPQLQNLR 219–227 P13916 478.271 38.940 + + + Substring 38973 Pig Fu et al. (1)

VPSGTTYYVVNPDNNENLR 287–305 P13916 1,076.520 83.750 + + + Blast-90% 181524 Human Sun et al.

(22)

LITLAIPVNKPGR 306–318 P13916 696.442 40.060 + + + Substring 181524 Human Sun et al.

(22)

FESFFLSSTEAQQSYLQGFSR

319–339

P13916 1,230.083 130.210 + – – Blast-90% 181316 Human Sun et al.

(22)

NILEASYDTK 340–349 P13916 577.292 47.970 + – – No match

LQESVIVEISK 371–381 P13916 622.859 60.320 + – – No match

TISSEDKPFNLR 398–409 P13916 703.870 50.250 – + + Blast-90% 181307

181455

Human Sun et al.

(22)

SRDPIYSNK 410–418 P13916 540.277 46.830 – + + Substring 181455 Human Sun et al.

(22)

FFEITPEK 422–429 P13916 505.764 52.130 + + + Substring 181292

181455

Human Sun et al.

(22)

DLDIFLSIVDMNEGALLLPHFNSK

435–458

P13916 906.473 59.050 + – – No match
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TABLE 3 | Amino acid sequence of the identified epitope peptides of α′ subunit of β-conglycinin using three different animal sera.

Amino acid sequence of the identified epitopes Protein information in the UniProt database Peptides recognized by different animal sera

Accession no. m/z Score Pig Bovine Rat

NQYGHVR 225–231 P11827 437.219 29.780 + + +

SQQLQNLR 240–247 P11827 493.773 45.880 + + +

MITLAIPVNKPGR 340–353 P11827 475.948 58.600 + + +

NILEASYDTK 374–383 P11827 577.292 47.970 + – –

LQESVIVEISK 406–416 P11827 622.859 60.320 + – –

DLDVFLSVVDMNEGALFLPHFNSK 469–492 P11827 908.460 62.610 + – –

DIENLIK 599–605 P11827 422.744 28.990 – – +

calves (diluted 1:1,000), and rats (diluted 1:10) were used as the
primary antibody. To identify which kind of sera had specific
antibodies against the peptides on the ELISA plates, we used
horseradish peroxidase (HRP)-labeled species-specific antibodies
against the IgG of swine (bs-0309R-HRP, Bios, Beijing, China),
bovine (SE233, Solarbio Science & Technology, Beijing, China),
and rats (CW0102S, ComWin Biotech, Beijing, China).

A dot-blot experiment was carried out to test the binding
ability of the seven different epitope peptides to the allergic
serum. Nitrocellulose membranes (0.45µm pore size) were
immersed in double-distilled water for 10min. When the
membranes were semidry, the seven dissolved epitope peptides
with carbonate buffered saline (CBS, pH 9.6) were spotted in
the painted circle by a Pap Pen (Solarbio, Beijing, China) on the
membranes and then were left to dry at room temperature (5 µg
for each dot). The spotted membranes were incubated for 2 h
in PBST (0.1% Tween 20 in 0.01M pH 7.4 phosphate-buffered
saline) containing 2.5% non-fat dry milk (NFDM) to block
the non-specific binding sites at 37◦C. The membranes were
then incubated with the allergic sera of piglets, calves, and rats
(diluted 1:100, 1:1,000, and 1:10 with PBST/2.5% NFDM as the
primary antibody, respectively). Following overnight incubation
at room temperature, the membranes were then washed for
5min with PBST three times and further incubated in PBST/2.5%
NFDM for 1 h containing horseradish peroxidase (HRP)-labeled
species-specific antibodies against the IgG of swine (Bios,
Beijing, China), bovine (Solarbio Science & Technology, Beijing,
China), and rats (ComWin Biotech, Beijing, China) at 37◦C.
Then, the membranes were washed three times with PBST
(10min each) followed by two washes with PBS (5min each)
and incubated with 3,3′-diaminobenzidine (DAB) horseradish
peroxidase chromogenic substrate for 3min in the darkness.
Finally, the reaction was stopped by the removal of the strips from
the chromogenic solution and washed in double-distilled water.

Statistical Analysis
The optical density (OD) values in ELISA were analyzed using
the general linear model of Statistical Package for Social Sciences
version 11.5 (SPSS Inc., Chicago, IL, USA). The epitope peptide
treatment was the independent factor in the statistical model.
The results were expressed as mean ± standard deviation
(SD). Duncan’s multiple range tests were performed to test

the differences among the means. Statements of statistical
significance were based upon p ≤ 0.05.

RESULTS

β-Conglycinin-Specific IgG Titer of
Different Species
The OD values of β-conglycinin-specific IgG in the allergy group
of piglet, calf, and rat are listed in Table 1. The OD values of β-
conglycinin-specific IgG in the control groups (negative control)
of pig, calf, and rat were very low (about 0.034∼0.046). The levels
of β-conglycinin-specific IgG in the allergy groups were higher
compared with those of the control groups. The β-conglycinin-
specific IgG titers of piglet, calf, and rat were 1:1,280, 1:10,240,
and 1:160.

Identification of Antigenic Epitopes of
β-Conglycinin Using Different Species Sera
All the identified epitope peptides in this study were submitted
to bioinformatics analyses in the Immune Epitope Database
and Analysis Resource (http://www.iedb.org). The co-IP and MS
methods were performed to identify the allergic antigen epitopes
of β-conglycinin using different species’ sera. The identified
epitopes of the α-, α′- and β-subunits of β-conglycinin are listed
in Tables 2–4, respectively. The epitope peptides (189–197, 219–
227, 287–305, 306–318, 309–318, and 422–429) of the α-subunit,
the epitope peptides (225–231 and 240–247) of the α′-subunit,
and the epitope peptides (63–70, 103–113, 126–144, 148–157,
and 256–263) of the β-subunit were identified as commonly
shared (allergic antigen) epitopes in all three animal species
(swine, bovine, and rat). However, the epitope peptides (319–339,
340–349, 371–381, and 435–458) of the α-subunit, the epitope
peptides (340–353, 374–383, 406–416, and 469–492) of the α′-
subunit, and the epitope peptides (158–194, 195–215, and 269–
292) of the β-subunit were only recognized by pig sera, whereas
the epitope peptides (599–605) of the α′-subunit were only
recognized by rat sera. Furthermore, the epitope peptides (398–
409 and 410–418) of the α-subunit, the epitope peptides (340–
353) of the α′-subunit, and the epitope peptides (28–37, 114–125,
and 195–204) of the β-subunit could bind to both bovine and rat
allergic sera.
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TABLE 4 | Amino acid sequence of the identified epitope peptides of the β-subunit of β-conglycinin using different animal sera.

Amino acid sequence of the identified epitopes Protein information in the UniProt database Peptides recognized by different species sera Blast in the epitope database

Accession no. m/z Score Pig Bovine Rat Matched

degree

Epitope no. Host References

EDENNPFYFR 28–37 P25974 665.789 58.050 – + + Substring 227798 Fish Taliercio et al.

(2)

SPQLENLR 63–70 P25974 478.762 30.550 + + + Substring 227764 Pig Taliercio et al.

(2)

AILTLVNNDDR 103–113 P25974 622.336 37.130 + + + Substring 227802 Rabbit Taliercio et al.

(2)

IPAGTTYYLVNPHDHQNLK 126–144 P25974 727.709 61.180 + + + Substring 227772 Rabbit Taliercio et al.

(2)

LAIPVNKPGR 148–157 P25974 532.834 58.560 + + + Substring 227790 Rabbit Taliercio et al.

(2)

YDDFFLSSTQAQQSYLQGFSHNILETSFHSEFEEINR

158–194

P25974 1,104.519 25.040 + – – Substring 227820 Pig Taliercio et al.

(2)

VLFGEEEEQRQQEGVIVELSK 195–215 P25974 816.089 35.600 + – – Blast-90% 227835

227858

Rabbit

Rabbit

Taliercio et al.

(2)

VLFGEEEEQR 195–204 P25974 618.301 55.880 — + + No match

FFEITPEK 256–263 P25974 505.764 52.130 + + + Substring 227769

227865

Pig

Pig, rabbit

Taliercio et al.

(2)

DLDIFLSSVDINEGALLLPHFNSK 269–292 P25974 886.477 84.930 + – – Substring 227754

227803

Pig, dog, fish

Pig, dog, fish

Taliercio et al.

(2)
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TABLE 5 | Synthetic antigen epitope peptides of β-conglycinin.

Peptide name Amino acid sequence of peptides Antigen

α1 NPFLFGSNR 189–197 α-Subunit of

β-conglycinin

α2 SPQLQNLR 219–227

β1 SPQLENLR 63–70 β-Subunit of

β-conglycinin

β2 LLQRF 55–59

β3 QGFSHNILETSFHSEF 173–189

β4 FFEITPEK 256–263

β5 DLDIFLSSVDINEGALLLPHFNSK

269–292

Some of the amino acid sequences of the identified epitope
peptides in this study, consistent with the known epitopes of
β-conglycinin, are shown in Tables 2–4. In the α-subunit of β-
conglycinin, the epitope peptides (189–197, 224–232, 306–318,
410–418, and 422–429) were substring to the known epitopes,
and the epitope peptides (287–305, 319–339, and 398–409)
were blast-90% to the known epitopes. The blast of the α′-
subunit of β-conglycinin could not be conducted considering the
information in the epitope database. Regarding the β-subunit
of β-conglycinin, most of the identified epitope peptides except
“VLFGEEEEQR” were entirely or partly consistent with the
known epitopes.

Comparison of the Sensitivity of the Seven
Identified Allergic Antigen Epitopes of
β-Conglycinin Binding to Different Animal
Sera
To compare the sensitive region among different species, seven
antigenic epitopes of β-conglycinin were selected and synthesized
to test the species-specific IgG-binding ability of peptides by
ELISA and dot-blot as listed in Table 5. The results of ELISA
were quite close to the results of the dot-blot. Using the two
approaches, the strongest reaction to piglet sera was detected
with peptides α2, β2, and β3, whereas peptides α1 and β1
showed relatively weak reactions (Table 6, Figure 1). However,
the sensitive region for calves and rats was different from that for
piglets. For example, the intensity of peptides α2, β1, and β4 was
the strongest, and the weakest sensitivity was for peptides β2, β3,
and β5.

DISCUSSION

The allergy-causing epitopes of the α-, α′-, and β-subunits of β-
conglycinin were identified in different animal species (swine,
bovine, and rats) by allergic sera IgG in this study, because the
standard IgE in animals and anti-swine/bovine IgE antibodies
are not available (30). Actually, sera IgG binding has been
successfully employed by many researchers in allergenicity study
using different animal models (29, 31–33). In this study, the levels
of β-conglycinin-specific IgG in piglet, calf, and rat of the allergy

group rose up after ingestion of a soybean meal, which indicated
that soybean has successfully induced allergy models in the three
animal species.

Soybean allergens are sensitized via the major route of
food/feed ingestion. Most proteins are digested into amino
acids, small peptides, or both forms to facilitate absorption by
gastrointestinal mucosa (34). Nevertheless, some allergic proteins
can partially resist proteolysis along the gastrointestinal tract,
such as immnunoreactive fragments that induce sensitization
after their absorption (35, 36). Thus, some epitope peptides
may exist in the undegraded fragments. Therefore, this study
used allergic sera to disclose the allergy-causing epitope peptides
through co-IP and MS, similar to the method adopted by
Verissimo da Costa et al. (37).

Experimental results indicated that the allergic sera of
three animal species could recognize the epitope peptides in
each subunit of β-conglycinin. These data confirm that the
α-, α′-, and β-subunits of β-conglycinin are antigenic across
different animal species (38). This can be explained by the
fact that the genes encoding the α-, α′-, and β-subunits
of β-conglycinin exhibited extensive sequence homology (39,
40). As such, some antigenic epitopes with the same amino
acid sequences in different subunits were also identified
in the current study. Certainly, the structural differences
among closely related protein subunits have significant effects
on the sensitive regions of antigens. So, not all peptides
with the same amino acid sequences were recognized by
animal sera.

The common antigenic regions of β-conglycinin in all
three animal species were determined in this study, which
were also identified by others. The identified epitope peptides
“NPFLFGSNR (189–197)” and “SPQLQNLR (219–227)” of the α-
subunit and “SPQLENLR (63–70), YDDFFLSSTQAQQSYLQG
FSHNILETSFHSEFEEI (158–194), FFEITPEK (256–263), and
DLDIFLSSVDINEGALLLPHFNSK (269–292)” of the β-subunit
recognized by pig allergic sera in the current study are consistent
with the findings reported previously (1, 2). Among them,
the FFEITPEK (256–263) and DLDIFLSSVDINEGALLLPHF
NSK (269–292) were also detected in dog, rabbit, and fish
sera (2), which stood out as important antigenic regions. Some
epitope peptides are substring to the known epitope in the
database, although the antibody types used differ from our
study. The peptides “LITLAIPVNKPGR (306–318), SRDPIYSNK
(410–418), and FFEITPEK (422–429)” of the α-subunit were
also recognized by anti-human IgE antibody (22). The peptides
“EDENNPFYFR (28–37)” of the β-subunit were also identified by
anti-fish IgM (2) or anti-rabbit IgG antibodies (2). Notably, some
epitope peptides exhibited binding ability to different animal
species’ allergic sera, and especially, they also could bind to
human allergic sera. Those common epitope peptides act as
important antigens. The identification of allergic epitopes can
provide valuable information for exploring immunotherapy for
soybean-caused allergy in humans and animals and for soybean
breeding, targeting on reducing its allergic responses in the
animal production sector.

The most identified epitope peptides in this study showed
some differences in their ability of binding to the allergic

Frontiers in Veterinary Science | www.frontiersin.org 7 January 2021 | Volume 7 | Article 599546

https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Zhao et al. Soybean Allergy in Different Animal Species

TABLE 6 | Comparison of the binding abilities of allergic epitopes among different animal sera by ELISA.

Species β-Conglycinin synthetic epitope peptides p-value

α1 α2 β1 β2 β3 β4 β5

Pig 0.216 ± 0.004a 0.463 ± 0.004c 0.274 ± 0.008a 0.522 ± 0.005c 0.477 ± 0.011c 0.303 ± 0.005b 0.362 ± 0.004b <0.001

Calf 0.267 ± 0.005b 0.271 ± 0.021bc 0.362 ± 0.004c 0.220 ± 0.013a 0.249 ± 0.007ab 0.306 ± 0.049c 0.208 ± 0.004a <0.001

Rat 0.258 ± 0.003b 0.298 ± 0.003c 0.289 ± 0.005bc 0.192 ± 0.007a 0.217 ± 0.003a 0.316 ± 0.003c 0.223 ± 0.004ab <0.001

Means in the same row followed by different superscripts are significantly different (p < 0.05).

FIGURE 1 | Comparison of the binding abilities of epitopes to the different animal species’ allergic sera by dot-blot.

sera of three different animal species. A similar study of the
binding ability of allergy-causing epitope in different species
was also conducted, and the difference among species was
also verified (2). Seven synthetic epitope peptides were used to
compare their immunoreactivities with three animal species’ sera.
Such epitope peptides exhibited different immunoreactivities
among epitope peptides and animal species. Some peptides are
easily recognized by specific animals, which is in agreement
with a previous study (2). Peptides α2, β2, and β3 appeared
to be more sensitive to pigs, but peptides α2, β1, and β4
exhibited strong ability to calf and rat sera. The disparate
binding ability of antigenic epitopes could contribute to
further clarify the allergic difference of soy proteins to various
animal species.

In conclusion, the epitope peptides hydrolyzed from the three
subunits of β-conglycinin probably causing allergy in animals
were identified by using swine, bovine, and rat allergic sera.
These common antigenic regions may be inactive in soybean
breeding. Most of the identified epitope peptides in this study
showed some difference in the ability of binding to the allergic
sera of the three different animal species. The synthetic peptides
α2, β2, and β3 exhibited strong binding ability to pig sera,
but peptides α2, β1, and β4 showed easier reaction to calf
or rat sera. Variants of the common antigenic regions will
be useful in the optimization of soy proteins for different
animal species.
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