Food Sci. Biotechnol. Vol. 15, No. 1, pp. 128 ~ 132 (2006)

Food Science
i Biotechnology

(© The Korean Society of Food Science and Technology

Effect of Enzymatic Hydrolysis of 7S Globulin, a Soybean Protein, on Its
Allergenicity and Identification of its Allergenic Hydrolyzed Fragments

Using SDS-PAGE

Eun-Hee Keum, Sang-Il Lee! and Sangsuk Oh*

Department of Food and Nutritional Sciences, Ewha Womans University, Seoul 120-750, Korea
!Department of Pediatrics, School of Medicine, Sungkyunkwan University Suwon, Kyonggi 440-746, Korea

Abstract This study was undertaken to investigate the effect of peptic and chymotryptic hydrolyses of 7S globulin, the
major allergen of soybean protein, on its allergenicity, as measured by enzyme linked immunosorbent assay (ELISA), and to
identify the allergenic hydrolyzed fragments of 7S globulin using SDS-PAGE. When 7S globulin was hydrolyzed by pepsin,
the allergenicity was reduced by over 50%. However, the allergenicity of 7S globulin reduced by peptic hydrolysis was
recovered in the sera from 5 out of 10 patients following sequential chymotryptic hydrolysis. Two fragments, with molecular
weights 20-25 and 13-16 kDa, among the hydrolysate of 7S globulin by sequential pepsin and chymotrypsin showed reactivity
with sera from 10 soybean-allergenic patients. As a result of the theoretical hydrolyses of B-conglycinin, which is a major
protein of 7S globulin, it is suggested that the 20-25 kDa fragments were the fragments of the a-subunit of B'-conglycinin and

that the 10-16 kDa fragments were from the o/-subunit.
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Introduction

Soybean is one of the major allergens in children younger
than 3 years of age, and its prevalence is probably below
0.5% in the general population (1). Furthermore, as soy
protein enjoys widespread use in the food industry, its
allergenic sensitivity has been predicted to increase (2). At
least 16 potential soy protein allergens have been
identified, and Gly m Bd 30K (thol protease P34),
glycinin, and fB-conglycinin of these have been identified
as being related to food allergies causing the sensitization
process which occurs in the gastrointestinal tract (2, 3).

Solubility, stability, size, and compactness of the overall
fold are aspects of the protein structure related with
allergenicity (4). In general, food allergens tend to be
soluble glycoproteins with molecular weights of 10-70
kDa. They are usually stable to heat and acid, and
relatively persistent to proteolytic digestion (5). This is
because a number of food allergens are able to bind
various types of ligands and large numbers of disulfide
bonds, and induce the oligomerization or aggregation,
glycosylation, and potential interaction with cell
membranes or lipid structures (3). The epitope types of
native proteins might also be responsible for allergic
reactions. Individuals who possess IgE antibodies to
sequential epitopes react to the food in any form, whereas
those with IgE antibodies to conformational epitopes are
tolerant of small amounts of the food after extensive
heating or partial hydrolysis because the tertiary structure
of the protein is altered and the conformational epitopes
are destroyed (6).

For an understanding of the mechanisms of food allergy
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and for the safe design of immunotherapeutics, the
characterization of IgE epitopes of food allergens is important
(7). Acid-denaturation and digestibility of food protein in
the gastrointestinal tract are likely to be important factors
partly determining the allergenic potential. Accordingly,
information about the digestibility of food proteins, the
residual antigenicity, and the allergenicity of absorbed
fragments, as well as IgE epitopes, is essential (8).

This study was therefore undertaken to investigate the
effect of peptic and chymotryptic hydrolyses of 7S globulin,
the major allergen of soybean, on its allergenicity and to
identify the allergenic fragments of 7S globulin using
SDS-PAGE.

Materials and Methods

Patient Sera Sera were obtained from 10 soybean-
sensitive patients with atopic dermatitis who were treated
at Samsung Medical Center (Seoul, Korea). Specific IgE
levels measured by CAP IgE FEIA method (Pharmacia
Bio-Tech. Ltd., Uppsala, Sweden) were between 0.63-101
kKU/L (Table 1).

Extraction of 7S globulin from defatted soybean
Defatted soybean was obtained from Sigma Chemical Co.
(St. Louis, MO, USA). The 7S globulin of soybean was
prepared by the method of Nagano ef al. (9).

Hydrolysis of 7S globulin The extracted 7S globulin
was hydrolyzed by using 2,340 units pepsin (Sigma
Chemical Co., St. Louis, MO, USA) at pH 2, followed by
82.5 units chymotrypsin (Sigma Chemical Co.) at pH 8 in
a water bath at 38°C (EYELA, Tokyo, Japan). The
hydrolysis was stopped by the adjustment to pH 7 and
heating at 80°C for 15 min (10).
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Tablel. Biologic characteristics of sera from 10 patients

Patient No. Age (yr) CAP IgE FEIA soybean IgE (kUA/L)
1 1 0.63
2 2 1.01
3 3 101
4 8 2.06
5 3 17.6
6 3 0.52
7 2 222
8 2 16.5
9 3 101
10 4 7.84

Fractionation using gel filtration 7S globulin hydrolysate
by peptic and chymotryptic hydrolyses was fractionated
using Sephacryl S-100 HR (Amersham Biosciences, Uppsala,
Sweden). The column was equilibrated with 50 mM
sodium phosphate buffer containing 0.15 M NaCl and 3 mL
of the sample was loaded onto the column. The gel filtration
was run at cold temperature with a flow rate of 0.4 mL/
min. The eluate was monitored by measuring the absorbance
at 280 nm (Spectronic Unicam, Cambridge, UK).

Enzyme linked immunosorbent assay A 96-well
microplate was coated overnight at 4°C with 1 ug protein
(10 ng protein /mL) diluted in phosphate buffered saline
(PBS). After washing (0.05% PBS-Tween), 100 3°/well of
1% bovine serum albumin (BSA)-PBS (w/v) was added
and the plate was incubated for an hour at room
temperature to protect non-specific binding. Thereafter the
washed plate was incubated for another hour at room
temperature with 100 puL/well of patient sera diluted 1:20
in 1% BSA (Sigma Chemical Co.) and washed again.
Next, the plate was incubated with peroxidase-labeled,
goat anti-human IgE (Kirkegaard & Perry Laboratories,
Inc., Gaithersburg, MD, USA) diluted 1:1000 in 1% BSA
for 1hr and then was developed by incubating with
100 pL/well of a 3, 3, 5, 5'-tetracthyl-benzidine (Sigma
Chemical Co.). The reaction was stopped after 30 min by
1 M H,SO,. Optical density was measured at 450 nm
using enzyme linked immunosorbent assay (ELISA)
reader (Spectra Max 340, GMI Inc., Ramsey, MN, USA).

SDS-PAGE SDS-PAGE was performed according to the
method of Laemmli (11). The protein was resolved on 12
% separating and 5% stacking gels for 30 min at 40 V and
1 hr at 80 V, respectively. The proteins separated on the
gels were stained with Coomassie Brilliant Blue R-250
(Bio-Rad Laboratories, Inc., Hercules, CA, USA).

Results and Discussion

Peptic and chymotryptic hydrolyses of 7S globulin The
7S globulin (B-conglycinin) and 11S globulin (glycinin),
identified as soy allergens, are the two major components
of soybeans, which comprise ~80% of storage proteins
(12). The 7S globulin is a complex mixture of proteins,
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including B-conglycinin, y-conglycinin and basic 7S. Of
these, B-conglycinin is the most prevalent and accounts for
30-35% of the total soybean protein, which is used
interchangeably with 7S protein because it is the major 7S
protein (13). In the extracted 7S globulin (Fig. 1), B-
conglycinin was found to be a trimeric protein composed
of three major subunits (o'=76 kDa, a=72 kDa, p=53
kDa). For 7S globulin without 2-mercaptoethanol, SDS-
PAGE indicated that the a-subunit of -conglycinin had
disappeared, to be replaced by a new band of about 140
kDa (Fig. 1). According to the amino acid sequence and
secondary structure prediction of p-conglycinin, both o-
and a-subunits have one cysteine each. In contrast with
the a-subunit, however, a cysteine of the o-subunit was
revealed (14, 15). It is suggested that the c-subunit was
bound by a disulfide bond. The acidic polypeptide (35-40
kDa) and basic polypeptide (20 kDa) of 118 globulin were
linked by a disulfide bond as well (Fig. 1). These disulfide
bonds are the cause for the high thermostability and
resistance to extreme pH and proteolysis exhibited by soy
globulin (3).

Peptic and chymotryptic hydrolyses of soybean 7S
globulin (B-conglycinin) were performed to examine the
effect of enzymatic hydrolysis on it. When pepsin was
added to the 7S globulin solution, the B-subunit (72 kDa)
of the B-conglycinin was effectively hydrolyzed, while the
o'-(76 kDa) and (-(53 kDa) subunits were not. However,
the B-subunit was hydrolyzed by chymotrypsin following
peptic hydrolysis. The B-subunit of P-conglycinin was
markedly resistant to sequential peptic and chymotryptic
hydrolyses, possible because of the higher content of
hydrophobic amino acid and B-sheet of the B-subunit’s
core, compared to those of the o~ and a-subunits (16, 17,
18). The major breakdown products of 7S globulin by
pepsin were sized approximately 30 kDa, 20-25 kDa and
~6 kDa. When 7S globulin underwent sequential peptic
and chymotryptic hydrolyses, the band of 30 kDa
disappeared, to be replaced by new bands of 10-16 kDa.
Other bands, however, remained without further hydrolysis
(Fig. 1: lane 1, 5, and 6).

Fig. 1. SDS-PAGE gel of 7S- and 11S-globulin and hydrolysates
of 7S globulin. 1. 7S globulin with 2-mercaptoethano (2-ME); 2.
7S globulin without 2-ME; 3. 11S globulin with 2-ME; 4. 118
globulin without 2-ME; 5. 7S globulin hydrolysate by peptic
hydrolysis; 6. 7S globulin hydrolysate by sequential peptic and
chymotryptic hydrolyses.
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Allergenicity of 7S globulin and its hydrolysates ELISA
was performed to determine the reactivity between sera
from 10 soybean-allergenic patients and soybean protein
fragments hydrolyzed by pepsin and/or chymotrypsin.

Burks er al. (19) reported that IgE and IgG specific to
crude soy are elevated in patients with positive double-
blind, placebo-controlled food challenges to soy but that
no fraction is clearly more antigenic. In this study,
however, it was shown that 7S globulin is more allergenic
than 118 globulin in the sera from 6 out of 10 patients
(data not shown). Shibasaki et al. (20) reported that 118,
78, and 2S globulins are the major allergens of soybean,
that especially the latter had the highest reactivity, and that
the allergenicity of 7S globulin was higher than that of 11S
globulin.

It was shown that the allergenicity of 7S globulin was
reduced by peptic hydrolysis according to the ELISA
results for 7S globulin hydrolysates (Fig. 2). This may
have occurred because the conformational epitopes were
destroyed, together with Gly m Bd 30K and f-
conglycinin, which are the major allergens of 7S globulin
(21). However, its allergenicity was increased by
sequential peptic and chymotryptic hydrolyses in the sera
from 5 out of 10 patients (Fig. 2). It may be considered
that chymotryptic hydrolysis leads to the exposure of
closed sequential epitopes of 7S globulin. Although the
allergenicity of 7S globulin was affected by peptic and
chymotryptic hydrolyses in most of the patients’ sera, sera
with high IgE levels for soybean (Table 1: sera 3 and 9)
were hardly influenced by enzymatic hydrolysis.

Identification of allergenic hydrolyzed fragments of 7S
globulin When gel filtration of 7S globulin hydrolysate
by sequential peptic and chymotryptic hydrolyses was
performed, it was separated into 10 fractions (A-J) of
which six were identified on SDS-PAGE: fraction A,
several hydrolyzed fragments in the void volume of the
column (void volume is fully accessible for all sizes of
fragments) (22); fraction B, 20-25 kDa molecular weight
fragments; fraction C, 13-16 kDa; fraction D, 10-12 kDa;
fractions E and F, ~6 kDa (Fig. 3). Because the fractions
G-J were not identified on SDS-PAGE, they were
considered to be fragments of lower molecular weights.
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Fig. 3. Fractionation on Sephacryl S-100 HR of 7S globulin
hydrolysate by (a) sequential peptic and chymotryptic hydrolyses
and (b) SDS-PAGE.

Fractions B and C (13-25 kDa) showed an allergenic
reaction with the sera of the soybean-sensitive patients
(Fig. 4). In addition, in the sera with high IgE levels (sera
3 and 9) it reacted to the 10-12 kDa molecular weight
fragments (fraction D) as well. The fragments with lower
molecular weight had no effects on allergenicity (Fig. 4).
This is a significant property of the allergen. The allergen
must have a molecular weight of at least 10 kDa to show
allergenicity in general (23).

By using the ‘ExPASy Peptide Cutter’ program, it was
predicted that the hydrolyzed amino acid sequence of f3-
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Fig. 2. Effects of peptic and/or chymotryptic hydrolysis for 7S globulin allergenicity ( 2 Blank, B 7S globulin,
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Fig. 4. Allergenicity of fractions by sequential peptic and chymotryptic hydrolyses of soybean 7S globulin.

conglycinin fragments would be obtained by peptic and
chymotryptic hydrolyses (data not shown). Theoretically,
the o'-subunit of B-conglycinin was hydrolyzed to fragments
of about 9 kDa, 7 kDa, 5 kDa, and lower molecular
weights. Fragments of about 17 kDa molecular weight and
the residual fragments afier sequential peptic and chymo-
tryptic hydrolyses were obtained from the B-subunit. The
B-subunit was broken into fragments of ~3 kDa and
fragments of lower molecular weight. Therefore, these
results indicated that the 20-25 kDa fragments identified
on SDS-PAGE were from the a-subunit of B-conglycinin
while the 10-16 kDa fragments were from the o'-subunit.

Ogawa ef al. (24) reported that the o-subunit of B-
conglycinin is a major allergenic component in 7S
globulin, which is recognized by at least the patients with
atopic dermatitis, while the o'-subunit, which is highly
homologous to the o-subunit, had no allergenicity. In the
present study, it was found that 10-16 kDa fragments from
hydrolysate of the o'-subunit were obtained by sequential
peptic and chymotryptic hydrolyses and that these fragments
had an effect on allergenicity. The exposure of closed
sequential epitopes of the a'-subunit by sequential peptic
and chymotryptic hydrolyses may have increased the 7S
globulin allergenicity.
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