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Soybean meal (SBM), the major byproduct of soybean oil extraction, is the main protein source for
swine diets globally. In the United States, 8.6 million metric tons of SBM was used in swine rations
in 2004. The pathological effect and immunological response of SBM feeding have been demonstrated
in swine. In this study, we have utilized plasma collected from piglet feed with SBM in immunoblot
analysis to detect proteins that elicited antigenic responses. We have identified soybean -conglycinin
o-subunit as being a potential allergen for young piglets. Characterization of this protein indicated
that deglycosylation and pepsin digestion did not eliminate immunoreactivity of this protein. Epitope
mapping utilizing planar cellulose supports technology (SPOT) showed that three peptides spanning
amino acids S185—R231 were critical for the allergenicity. A computer-generated three-dimensional
structure model of the a-subunit of 5-conglycinin indicated that the antigenic epitopes were located
on the surface of the protein. Information from this study may assist in the construction of recombinant
nonallergenic soybean protein useable for both immunotherapy and the potential production of
hypoallergenic soybean plants.
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Soybeans are an important source of edible vegetable oil and 204 e

protein throughout the world. Most of the soybeans produced ';g —

in the United States are crushed for oil and meal. In 2004, U.S. T — -— -

production of soybean meal (SBM) was 32.95 million metric 54 -

tons. Approximately 97% of the SBM is used for animal feed,

primarily in poultry, swine, and cattle diets. On a global basis, 37

SBM accounts for approximately 63% of all protein sources

used in animal feeds. In the United States, SBM accounts for 29 :

27% of the protein used in swine feeds.(
Soybean ranks among the eight most significant food al- 20 -

lergens (23). Nearly 2% of adults and 5—8% of infants in the

United States and Europe are reported to be allergic to soybeans

(4). Many soybean allergens for humans have been identified 7T .

and characterized(9). The resistance to mammalian digestion

and heat denaturation of the soybean allergéfsX1) make
them bioactive to animals. A joint FAO/WHO consulting group  Figure 1. SDS-PAGE/immunoblot analysis of the soybean seed proteins.
recommended feed-grade soybean testing to reduce the allergemota| seed proteins (100 1g) and purified a-subunits of B-conglycinin (5
challenges that could have a far-reaching impact on commercial,g) from soybean were fractionated by SDS-PAGE on a 13.5% gel and
animal production operationd@, 11). Animal sensitization t0  gained with Coomassie Blue (A). Immunological detection of antigenic
proteins (B). Proteins shown in panel A were transferred to a nitrocellulose
* To whom correspondence should be addressed. Tel: 573-882-8151. membrane and probed with pig plasma. Immunoreactive proteins were
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e ch\,/,g%nSanfg:;ﬂap|a?]'tegg?énc2wceéﬁ'tgr_o ssour. followed by chemilumingscent detection. I._f'ane 1, prote?n marker; Iang .2,
8U.S. Department of Agriculture, University of Missouri. soybean total seed protein; and lane 3, purified a-subunit of 5-conglycinin.

10.1021/jf0702110 CCC: $37.00  © 2007 American Chemical Society
Published on Web 04/17/2007



A Soybean Meal Allergen for Young Pigs J. Agric. Food Chem., Vol. 55, No. 10, 2007 4015

Table 1. Identification of 72 kDa Protein as o-Subunit of S-Conglycinin by MALDI-TOF-MS

protein identified accession no. MOWSE score sequence
(Glycine max) NCBInr (25 ppm) coverage peptides matched
a-subunit of 0i|9967357 217 39% QEEEHEQREEQEWPR
B-conglycinin GSEEEDEDEDEEQDERQFPFPRPPHQKEER
NKNPFLFGSNRFETLFK
SPQLONLR
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TLAIPVNKPGRFESFFLSSTEAQQSYLQGFSR
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Figure 2. SDS-PAGE/immunoblot analysis of deglycosylated a-subunit
of B-conglycinin. Purified native and deglycosylated a-subunits of e

B-conglycinin (7.5 ug each) were fractionated by SDS-PAGE on a 10%
gel and stained with Coomassie Blue (A). Proteins shown in panel A
were transferred to a nitrocellulose membrane and probed with pig plasma
(B). Lane 1, glycosylated a-subunit of 5-conglycinin; lane 2, deglycosylated
o-subunit of B-conglycinin; and lane 3, glycosylated a-subunit of
B-conglycinin.

Figure 3. SDS-PAGE/immunoblot analysis of pepsin-digested purified
B-conglycinin a-subunit protein. The purified o-subunit of the 5-conglycinin
was subjected to pepsin digestion and fractionated by SDS-PAGE on a
13.5% gel and stained with Coomassie Blue (A). Immunoblot analysis of
the transblotted proteins (B). Lane 1, protein marker; lane 2, o-subunit;
lane 3, a-subunit digested with pepsin; lane 4, o-subunit digested with

deactivated pepsin; and lane 5, a-subunit treated with simulated gastric

the dietary proteins has been attributed to a variety of factors, fluid without pepsin. Each lane contains about 7.5 xg of purified o-subunit
including the amino acid sequence of the allergens, their of the S-conglycinin.
carbohydrate structure, and their stability with respect to
digestive enzymes in the intestinal tragj.

Pathological effects and immunological responses of soybean
or SBM feeding on swine performance have been investigated
(13—17). It has been shown that SBM can affect pig perfor-

ments (20) and contained 40% corn, 20% SBM, and 40% supplement
(protein, mineral, vitamins, amino acids, and fatty acids, etc.) on a dry
matter basis. The non-SBM diet contained 45% corn, 15% HP-300 (a

in the first f ks followi . d elicit commercialized protein source), and 40% supplement. The experiment
mance in the Tirst lew weexks foflowing weanintf) and elici was carried out at the University of Missouri and approved by the
specific antibodies in weaned piglets4( 15, 19). However, Animal Use Advisory Committee.

these proteins have not been identified and characterized. ggdium Dedecyl Sulfate-Polyacrylamide Gel Electrophoresis

Therefore, the objective of this study was to identify and (SDS-PAGE).The SBM used in the animal diets was ground to a fine
characterize allergenic soybean proteins that elicit allergic powder in a mortar and pestle and extracted (1:30 wt/v)¥nSDS—
responses in young pigs. sample treatment buffer (62.5 mM TrisHCI, 2% SDS, 10% glycerol,
and 30 mM bromphenol blue, pH 6.8). After centrifugation (15300

10 min), 5% (v/v) f-mercaptoethanol (5-ME) was added to the
supernatant and boiled for 5 min. Ten microliter aliquots of the
supernatant were loaded onto a 13.5% acrylamide gel and fractionated
by SDS-PAGE 21). Gels were stained overnight with Coomassie Blue
G-250. All buffers and reagents were prepared according to Amersham

MATERIALS AND METHODS

Animals and Diets. Blood samples were taken from piglets (17.78
+ 0.56 kg body weight) fed corn/SBM diets for 9 days after weaning.
After centrifugation at 1500&r 15 min at 4°C, plasma was collected
and kept at—20 °C until analysis. Plasma from ten piglets was Pharmacia Biotech protocols.
individually assayed for IgG-binding response to soy proteins. Plasma  Immunoblot Analysis. Proteins separated by SDS-PAGE were
from six piglets, which revealed IgG binding, was pooled for subsequent electrophoretically transferred to nitrocellulose membranes (Protran,
immunoblot analysis. The control plasma was from six piglets fed diets Schleicher & Schuell Inc., Keene, NH). Membranes were blocked with
void of SBM and was used for nonspecific IgG binding to SBM protein. 5% milk in Tris-buffer saline (TBS, pH 7.3) for 1 h and incubated in
The corn/SBM diet was formulated to meet or exceed NRC require- a 1:500 dilution of plasma overnight at room temperature with gentle
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1 MMRARFPLLLLGLVFLASVSVSFGIAYWEKENPKHNKCLQSCNSERDSYR

51 HNQACHARCNLLKVEKEECEEGEIPRPRPRPOHPEREPQOPGEKEEDEDEQ
101 PRPIPFPRPQPRQEEEHEQREEQEWPRKEEKRGEKGSEEEDEDEDEEQDE
151 RQFPFPRPPHOKEERNEEEDEDEECQQRESEESEDSELRRHENENPFLFGS
201 NRFETLFKNQYGRIRVLORFNQRSPOLONLRDYRILEFNSKPNTLLLPNH
251 ADADYLIVILNGTAILSLVNNDDRDSYRLQSGDALRVPSGTTYYVVNPDN
301 NENLRLITLAIPVNKPGRFESFFLSSTEAQQOSYLOGFSRNILEASYDTKF
351 EEINKVLFSEEEGQQQGEQRLOESVIVEISKEQIRALSKRAKSSSRKTIS
401 SEDKPFNLRSRDPIYSNKLGKFFEITPEKNPQLEDLDIFLSIVDMNEGAL
451 LLPHFNSKAIVILVINEGDANIELVGLKEQQQEQQQEEQPLEVRKYRAEL

501 SEQDIFVIPAGYPVVVNATSNLNFFAIGINAENNQRNFLAGSQDNVISQI
Figure 4. Multiple 1gG-binding regions identified on the a-subunit allergen. (A) Epitope mapping of the 1gG-binding region in S-conglycinin c.-subunit
protein on SPOT membrane was performed as described in the Materials and Methods. (B) Amino acid sequence of the S-conglycinin o-subunit.
Antigenic epitopes are shown in hatched areas.

rocking. Preliminary experiments with different dilutions of plasma tallized with the matrix materidR-cyano-4-hydroxycinnamic acid. A
revealed that 1:500 dilution was optimal for antigen detection. After 337 nm nitrogen laser operating at 20 Hz was used in sample ionization.
washing four times with TBS containing 0.05% Tween-20 (TBST, 10 Trypsin autolysis peaks of charge mass ratios 842.51 and 2211.10 served
min/each), the membrane was incubatedZd in a1:5000 dilution as internal standards.
of rabbit anti-pig IgG-horseradish peroxidase conjugate antibody  Enzymatic Deglycosylation of Soybean AllergerDeglycosylation
(Sigma, St. Louis, MO). Immunoreactive polypeptides were detected of the soybean allergenic protein was carried out using an enzymatic
with an enhanced chemiluminescent substrate (Super Signal West PicaN-deglycosylation kit (GlycoProfile 11, Sigma) in accordance with the
trial kit; Pierce Biotechnology, Rockford, IL) according to the manufacturer’s instructions. The kit includes PNGase F, which removes
manufacturer’s protocol. all Asn-linked oligosaccharides, and a combination of NANase Il and
Purification of Soybean Allergen by Preparative SDS-PAGE. O-glycosidase DS that releases all Ser/Thr-linked B&|3)GalNAc-
Soybean total seed proteins were fractionated by preparative SDS-PAGHa1) and all sialic acid-substituted GAll(,3)LGalNAc(al) from
and briefly stained with Coomassie Brilliant Blue. Gel slices corre- glycoproteins. Fifteen micrograms of purifiedsubunit of3-congly-
sponding to the 72 kDa-subunit of3-conglycinin were excised and  cinin was deglycosylated following the denaturing protocol suggested
rinsed extensively in distilled water. After the gel slices were washed by the vender. The efficiency of the deglycosylation was verified by a
twice in 250 mM Tris-HCI and 250 mM EDTA, pH 6.8, they were  shift in mobility of the protein on a SDS-PAGE gel.
mashed into a fine powder with the help of a mortar and pestle and  Protease Digestion of Soybean Allergeriighteen micrograms of
extracted with 20 mM Tris-HCI and 0.1% SDS. Eluted proteins were the gel-purifieda-subunit of 3-conglycinin was digested with pepsin
collected by precipitation with 3 volumes of acetone (overnigt0 (Sigma) for 60 min at 37C in simulated gastric fluid (SGF) according
°C) followed by centrifugation at 158@Gor 20 min. The protein pellets  to Helm (10) and Astwood et al.2@). Briefly, 500 ng#l of protein
were air-dried and resuspended in a small volume of distilled water. was digested in 10QL of prewarmed SGF containing 0.32% pepsin
The concentration of the gel-eluted protein was determined using a (pepsin/protein: 320/18). After 60 min, 3@ of Na,CO; (200 mM),
Bradford Protein Assay Kit (Pierce) following the manufacturer's 34 ulL of 6x SDS—sample treatment buffer (350 mM Tris-HCI, 10%

instructions. SDS, 30% glycerol, and 175 mM bromophenol blue, pH 6.8), and 10
Matrix-Assisted Laser Desorption lonization Time-of-Flight ulL of B-ME were added, mixed, and boiled for 5 min. Controls included
Mass Spectrometry (MALDI-TOF-MS) Analysis of Trypsin- protein samples in SGF that did not contain pepsin or contained

Digested Proteins MALDI-TOF-MS analysis and data interpretation ~ deactivated pepsin. The generation of proteolytic fragments due to
were performed essentially as described earl®).(Briefly, the 72 pepsin digestion was examined by SDS-PAGE and Western blot
kDa gel-purified protein was washed in distilled water and then analysis.

destained in a 50% solution of acetonitrile (v/v) containing 25 mM Peptide Synthesis on SPOT Membrane and Epitope Mapping.
ammonium bicarbonate. After a 100% acetonitrile wash, the proteins The a-subunit of/3-conglycinin is a 72 kDa protein and is made up of
contained in the gel spots were subjected to digestion usind-ZQ0 605 amino acids. A total of 74 peptides covering the entire region of
ug/mL) of modified porcine trypsin in 25 mM ammonium bicarbonate the protein were synthesized on a modified SPOT cellulose membrane
(Promega, Madison, WI). Peptides resulting from tryptic digestion were (Genosys Biotechnologies, Woodlands, TX). Each peptide was 15
analyzed by mass spectroscopy (Voyager DE-STR MALDI-TOF, amino acids long and overlapped by seven amino acids (eight amino
Applied Biosystems, Framingham, MA). The peptides were cocrys- acids offset) between two adjacent peptides. Epitope mapping was



A Soybean Meal Allergen for Young Pigs J. Agric. Food Chem., Vol. 55, No. 10, 2007 4017

conducted with pooled pig plasma diluted 1:250 (in accordance with
the manufacturer’'s recommendations). Briefly, the membrane was rinsed
with a small volume of methanol followed by three washes in TBS.
To prevent nonspecific binding, the membrane was incubated with 5%
milk in TBST for 2 h. Following incubation with diluted pooled pig
plasma for 3 h, the membrane was washed once in TBST for 10 min
and incubated for 2 h in 4:5000 dilution of rabbit anti-pig 1gG-
horseradish peroxidase conjugate antibody. Immunoreactive peptides
were detected with an enhanced chemiluminescent substrate (Super
Signal West Pico trial kit; Pierce Biotechnology) according to the
manufacturer’s protocol.

Homology-Model of the a-Subunit of g-Conglycinin from Soy-
bean. The three-dimensional structure of the homotrimeric soybean
pB-conglycinin o'-subunit (24) was used as a template to build a
homology model of the soybeghconglycinina-subunit. The homol-
ogy model was generated as a homotrimer and energy minimized using
the Swiss-Model website (http:/swissmodel.expasy.org//SWISS-MOD-
EL.html) (25). The stereochemistry and overall quality of the homology
model were checked with the program Proche®)( The final model
of the soybeang-conglycinin a-subunit included coordinates for
residues 188—605 of each monomer in the model.

RESULTS

Identification of Soybean Allergen. Western blot analysis
was performed to identify soybean allergens by utilizing pooled
plasma collected from piglets fed with corn/SBM diets. A
representative picture of the Coomassie Blue-stained gel and
immunoblot membrane is shown kigure 1A,B. Immunoblot
analysis revealed that the IgG in the pig plasma reacted
specifically against a 72 kDa proteiRigure 1B). The IgG from
piglets fed a diet lacking SBM did not react with any soybean
seed proteins (data not shown). This indicated that the diet
without SBM did not provoke specific soy IgG antibodies. The
pB-conglycinin of soybean is made up of 76 klb&, 72 kDa
o-, and 53 kDgs-subunits (27). On the basis of the size of the
protein, we suspected that the immunoreactive protein could
be thea-subunit of3-conglycinin. To confirm this observation,
the a-subunit was purified from soybean seeds by preparative
SDS-PAGE. When the purifiedi-subunit of S-conglycinin
(Figure 1) was used in immunoblot analysis, strong reactivity
with pig plasma was seerfigure 1B). This immunoractive  rigyre 5. Mapping of immunogenic epitopes on the homology-modeled
protein was subjected to MALDI-TOF-MS analysis. Using strycture of the soybean f-conglycinin a-subunit. (A) The ribbon diagram
Mascot, the empirically determined mass-to-charge ratios of shows the overall secondary structure of the A-conglycinin a-subunit
peptides were compared with peptides of known proteins listed homotrimer with each monomer colored in white, blue, and purple.
in the National Center for Biotechnology Information non- g sirands are shown as arrows, and o-helices are shown as coils. The

redundant database. The result of this analysis is shoWabte structural features corresponding to peptides 24 and 25 (strands Bla
1 and f32a) and peptide 28 (loop 32b—/32c) are colored gold and red,

Out of the 46 peptides submitted to Mascot search, 25 showedyespectively. () The molecular surface of the homology-modeled structure
significant sequence homology to thesubunit of 3-congly- with the surfaces corresponding to each monomer colored as in A. The

cinin. The top four scores, all above the cutoff confidence limit molecular surfaces of peptides 24 and 25 and peptide 28 are colored
of 95% (P < 0.05), belonged to the-subunit of3-conglycinin, gold and red, respectively. The figure was made using PyMOL (DeLano,
indicating that the unique 72 kDa pig IgG-binding protein is  2002).
the a-subunit of 5-conglycinin.

Carbohydrate Moiety of the a-Subunit of f-Conglycinin in the molecular weight of the proteifrigure 2). Western blot
Is not Responsible for the Immunoreactivity. An allergen is analysis indicated that both the native and the deglycosylated
a substance that provokes the immune response mediated byroteins were recognized by the pig plasma indicating that the
the production of IgE. Several studies have shown khaand carbohydrate moiety does not serve as an antigenic epitope of
O-linked oligosaccharides of glycoproteins are crucial epitopes the a-subunit of 3-conglycinin.
for human IgE 27). The 11S storage protein of soybean, the  o-Subunit of -Conglycinin Is Resistant to Pepsin Diges-
fB-conglycinin, is a glycoproteir2(?). It is synthesized on rough  tion. One of the known properties of food allergens is that they
endoplasmic reticulum and cotranslationally glycosylated by the exhibit remarkable digestive stability. To examine if the
addition of mannose-containing core oligosacchar®.(To a-subunit of 3-conglycinin is stable to digestion, the purified
examine the contribution of the carbohydrate moiety in aller- protein was subjected to pepsin digestion in vitkag(re 3).
genicity, the purified-subunit of3-conglycinin was deglyco-  The a-subunit remained intact even after 60 min of digestion
sylated using an enzymatic deglycosylation kit. As expected, with pepsin (Figure 3A). The stability of thex-subunit of
the removal of the carbohydrate moiety resulted in a decreasef-conglycinin to pepsin digestion was verified by Western blot
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Figure 6. Amino acid sequence alignment of the antigenic region of a-subunit with the o'~ and S-subunit of B-conglycinin (A). Amino acid sequence
homology between the immunogenic region of o-subunit of S-conglycinin and the Ara h 1 allergen of peanut (B).

analysis (Figure 3B). Antibodies in the pig plasma recognized pigs that react with an abundant 72 kibasubunit of 5-con-
only the 72 kDa protein demonstrating that tiresubunit was glycinin. Our observation that the young piglets respond to SBM
resistant to pepsin digestion. Under similar conditions, the acidic diets by generating 1gG directed against thesubunit of
subunit of glycinin (a nonallergenic protein) was completely S-conglycinin is consistent with an earlier observation that
digested by pepsin (data not shown). claims legume proteins of the vicilin family are more im-
Localization of IgG-Binding Epitopes in the a-Subunit of munogenic than those of the legumin famiBA). In this current
p-Conglycinin. To identify the region of the protein that could  study, IgG binding was used because anti-pig IgE antibody was
serve as the antigenic epitope, we tested the 1gG-binding ability not available (32). The lack of antibodies specific for swine
of peptides that were synthesized on a modified SPOT celluloselgE has impeded the unequivocal identification of allergens in
membrane (Sigma-Genosys). Peptides corresponding to thepigs. IgG binding has been successfully employed by many
entire amino acid sequence of thesubunit were prepared as researchers in allergenicity studies using animal modgls (
15-mer chains that were offset by eight amino acids. Using this 33—36). However, the results based on IgG binding should be
approach, a 47 amino acid spanning region (SIR831) that treated with caution. IgG binding demonstrates that soy proteins
bound IgG was identified near the N terminus of thsubunit such as thex-subunit of3-conglycinin are potent antigens but
that corresponded to peptides-228 (Figure 4). Within the not necessarily allergens. Because it has been shown that humans
region, the strongest reaction was detected with peptide 28, andproducen-subunit of3-conglycinin-specific IgE, it is likely that
peptides 24 and 25 showed relatively weak reacti¢tiguie a similar response is also triggered in pigs because they resemble
4A). On the basis of this study, the major IgG-binding region humans in gastrointestinal physiology and in the development
of the a-subunit molecule was identified as peptides 28, 24, of mucosal immunity.

and 25 (Figure 4B). _ _ The predominant storage proteins of soybeans are the glycinin
Location of Immunogenic Epitopes on the Modeled  (11S)angs-conglycinins (7S). This group of proteins accounts
Structure of the Soybean -Conglycinin a-Subunit. A for 80% of the total seed protein of soybeaRd7), The
homology model structure of the soybg@ionglycinina-sub- B-conglycinins are synthesized as trimers with a molecular mass
unit was generated using the X-ray crystal structure of the of 150—200 kDa and are composed of three subunit{76
soybeang-conglycinin o-subunit core domain as a template kDa), a (72 kDa), and3 (53 kDa). The genes encoding these
(24). The two subunits share 89.8% amino acid sequence identitysypunits have been cloned and reveal extensive sequence
over the region included in the X-ray structure, which corre- homology (2937). In spite of this sequence homology, the pig
sponds to residues 18805 of thea-subunit. The immunogenic  plasma used in this study reacted specifically with the 72 kDa
epitopes identified from the peptide library can be mapped to g.subunit but not witha'- and A-subunits of-conglycinin.
the N-terminal face of the homotrimeFigure 5). Residues  However, alignment of the amino acid sequence covering the
found in peptides 24 and 25 comprise portions of fivstrands  antigenic epitopes among the three subunitg-gbnglycinin
(f1a ands2a) and the loop connecting these secondary structurereyealed significant differenceEigure 6A). These differences
features (Figure 5A). The sequence of peptide 28 maps to a coyld explain the lack of reactivity of pig plasma with the

loop region that connecfé-strandg32b andf2c (Figure 5A). andp-subunits of5-conglycinin. Structural differences among
Both regions are located on the surface of the protein and arecjpsely related protein families likely impart different biochemi-
predicted to be exposed to solvent and presumably Figu(e cal, rheological, and immunological properties (31).

5B).

The SPOT technology has been applied in many studies to
map antigenic epitoped (9, 33, 38). Using this method, we
identified potential antigenic sites (peptide sequences S185—

Soybeans are the best protein source for swine due to theirF207 and L217R231) within thea-subunit of5-conglycinin
high protein concentration and balanced amino acid profile. that are critical for the allergenic reaction. Our results are in
However, soybeans contain some antinutritional factors such agreement with previous studies, which demonstrate that short
as the trypsin inhibitor, phytic acid, oligosaccharides, and lectins peptide regions are key for eliciting an immunological reaction
that may interfere with the livestock performance and yield. In (7, 9). A major peanut allergen, Ara h 1, belongs to the vicilin
addition, some soybean storage proteins cause an inflammatoryfamily of legume storage protein39). Epitope mapping resulted
response in the intestines of early weaned pigs. For example,in the identification of at least 23 different IgE-binding sites
pigs that fed on SBM had decreased growth performance, located throughout the length of the Ara h 1. Among them, four
lowered villus height, and increased plasma anti-soy titeds (  peptides were designated as immunodominant because they were
15). We have detected antibodies (IgG) in the plasma of young recognized by IgE from 80% of peanut sensitive patieB8.(

DISCUSSION
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Similarity searches by BLAST analysis (http://www.ncbi.nlm-
.nih.gov/) revealed that antigenic epitopes ofafn 1 and
soybeana-subunit of 5-conglycinin shared 60% amino acid
sequence identity (Figure 6B). This observation suggests
conservation of amino acid sequences within 1gG- and IgE-
binding epitopes contained in legume allergens.

Previous studies have identified several soybean proteins as

potential human food allergens based on their ability to bind
IgE. These allergens include glycinin (118)¢onglycinin (7S),
Kunitz trypsin inhibitor, Gly m Bd 30 K, and Gly m Bd 28 K
(6, 7,9, 38,40, 41). Because soybean is widely used in food
products and the livestock industry, efforts are underway to
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(6) Helm, R. M.; Cockrell, G.; Connaughton, C.; Sampson, H. A,;
Bannon, G. A.; Beilinson, V.; Livingstone, D.; Nielsen, N. C;
Burks. A. W. A soybean G2 glycinin allergen 1. Identification
and characterizatiorint. Arch. Allergy Immunol2000, 123,
205—212.

Helm, R. M.; Cockrell, G.; Connaughton, C.; Sampson, H. A,;
Bannon, G. A.; Beilinson, V.; Nielsen, N. C.; Burks, A. W. A
soybean G2 glycinin allergen. 2. Epitope mapping and three-
dimensional modelingint. Arch. Allergy Immunol2000,123,
213-2109.

Casky, |.; Fekete, S. Soybean: Feed quality and safety. Part 1:
Biologically active componentsA review. Acta Vet. Hung.
2004,52, 299—313.

@)

®)

remove these allergens from soybeans. Progress in eliminating (9) Xiang, P.; Haas, E. J.; Zeece, M. G.; Markwell, J.; Sarath, G.

some of these allergens has been made utilizing genetic

engineering (42), food processingl(), and mutation breeding

(41, 43—45). Takahashi et al. (46) have established a mutant

line, Tohoku 124, lacking the- anda!'-subunit off-conglycinin

and suggested that it would be a promising material for less-
allergenic soybean productd3). However, there is currently
no data to show the characteristic and feed value of a
nonallergenic soybean line.

C-terminal 23 kDa polypeptide of soybean Gly m Bd 28 Kis a
potential allergenPlanta 2004,220, 56-63.

(10) Helm, R. M. Joint FAO/WHA expert consultation on foods
derived from biotechnology. Topic 5: Stability of known
allergens (digestive and heat stability). Biotech. 01/07, 2001,
http://lwww.fao.org/es/esn/food/pdf/bi0O7al.pdf.

(11) Casky, I.; Fekete, S. Soybean: Feed quality and safety part 2:
Pathology of soybean feeding in animals review. Acta Vet.
Hung.2004,52, 315—326.

The treatment of allergenic diseases is based mainly on (12) Helm, R. M. Sensitization and allergic response and intervention

allergen avoidance and the use of antihistamines, steroids, or

immune suppressantq). Recently, Kobayashi et at§) found

a peptide by a novel procedure for producing a compound from
sesame that could inhibit allergen absorption. In the food animal
industry, replacing the SBM in diets is not probable. Therefore,
the development of methods to reduce the allergenicity of

soybean protein is urgently required. Other research indicated

that allergen homologues could potentially be used for immu-
notherapy 49, 50). The long-term and efficient strategies are

to mutate the immunological response epitopes. Recent studies

have shown that hypoallergenic Ara h 1 produced by altering
the IgE-binding epitopes could be utilized as an immunothera-
peutic option against allergic response in animal mod&13. (

It will be interesting to examine the effect of the modification
of the 1gG-binding epitopes identified in this current study in
lowering the allergic response in piglets.
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