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Background: Peanuts and soybeans are 2 foods that have been
shown to be responsible for many atopic disor ders. Because of
their nutritional benefit, soybean proteins are now being used
increasingly in a number of food products. Previous studies
have documented multiple allergensin soybean extracts,
including glycinin, B-conglycinin, and the P34/Gly m Bd 30K
protein.

Objective: Our overall goal was to identify soybean-specific
allergens to begin to under stand molecular and immunochemi-
cal characteristics of legume proteins. The specific aim of the
current investigation was to identify the essential amino acid
residues necessary for 1gE binding in the 5 distinct immuno-
dominant epitopes of P34/Gly m Bd 30K.

Methods: Serum IgE from 6 clinically sensitive soybean-aller-
gic individuals was used to identify P34/Gly m Bd 30K in the
native and single amino acid substituted peptides with use of
the SPOT S peptide synthesis technique to deter mine critical
amino acidsrequired for 1gE binding.

Results: Theintensity of IgE binding and epitope recognition
by serum IgE from theindividuals varied substantially. With
use of serum from 6 clinically soybean-sensitive individuals, 2
of the 5 immunodominant epitopes could be mutagenized to
non-IgE binding peptides.

Conclusions: Single-site amino acid substitution of the 5
immunodominant epitopes of Gly m Bd 30K with alanine
revealed that 1gE binding could be reduced or eliminated in
epitopes 6 and 16 in the serum obtained from 6 soybean-sensi-
tive patients. (J Allergy Clin Immunol 2000;105:378-84.)
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Soybeans and peanuts are both members of the legume
plant family and they share common antigenic fractions.
Patients allergic to one member often have IgE antibod-
ies that react to other members of the legume family.
Although cross-reacting proteins among soybeans and
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Abbreviations used
DBPCFC: Double-blind, placebo-controlled food
challenge
Gly m Bd: Glycine max band
rP34: Recombinant P34 protein
TBST: TRIS-buffered saline solution with 0.05%
Tween 20

peanuts areimmunochemically frequent, clinical respons-
s to more than one is not common.1-3 A comparison of
IgE immunoblots to soybean extracts with common
legumes showed that soybean extracts shared several
common as well as unique proteins with other members
of the legume family.4>

Previous studies have documented multiple allergens
in soybean extracts, including glycinin, B-conglycinin,
and the Glycine max band (Gly m Bd) 30K protein.6-11
Ogawa et al7:8 initially described a soybean band desig-
nated Gly m Bd 30K as a 7S soybean protein allergen,
assigning it as the major allergenic protein in soybean
extracts that bound specific IgE in the serum of 65% of
patients with atopic dermatitis in Japan. The first 15
amino acids of Gly m Bd 30K were identical to those of
a 34-kd soybean seed storage vacuole protein identified
by Kalinski et al.210 P34 is an outlying member of the
papain superfamily?.10 that appears to be a Pseudomonas
defense protein.11

The most efficient way to avoid soybean allergy is
strict avoidance of food products containing allergenic
proteins. Several methods are being conducted to reduce
the alergenicity of alergens, including enzymatic meth-
ods, physical treatment, or development of soybean
seeds that lack the allergenic protein.12 A combination of
both genetically selected soybean cultivars and physico-
chemical separation methods appears to be the most
promising method. With this in mind, our goal was to
identify soybean allergens and specifically determine the
presence of unigue soybean protein epitopes in their
amino acid structure that could potentially be mutage-
nized to non-IgE-binding proteins. The prevalence of the
hypersensitivity reactions to the allergen identified as
Gly m Bd 30K and its homology to the previously iden-
tified protein P34, a constituent of protein storage vac-
uoles in soybean seed cotyledons, made this protein an
ideal candidate for identification and characterization of
the major IgE-binding epitopes.13 The specific aim of the
current investigation was to identify the essential amino
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acid residues necessary for IgE binding in the 5 distinct
immunodominant epitopes in this major soybean aler-
gen. In this article we report the localization of specific
amino acids that can be substituted to render immun-
odominant epitopes 6 and 16 to non-IgE-binding pep-
tides.

MATERIAL AND METHODS
Serum IgE

Twelve patients with atopic dermatitis and a positive immediate
skin test response to soybean extracts were confirmed to be sensitive
to soybean protein by double-blind, placebo-controlled food chal-
lenge (DBPCFC).2 Theindividual serawere diluted 1:20 (vol/vol) in
TRIS-buffered saline solution (25 mmol/L TRIS-hydrochloric acid,
pH 7.2, 150 mmol/L sodium chloride) with 0.05% Tween 20 (TBST)
for immunoblot analysis and in 1:5 (vol/vol) TBST with blocking
solution as recommended by the manufacturer (Genosys Biotech-
nologies, The Woodlands, Tex) for mapping of IgE-binding regions
and epitopes of the Gly m Bd 30K allergen. The Human Advisory
Committee approved al studies at the University of Arkansas for
Medical Sciences and Mt Sinai School of Medicine.

Soybean extracts

Preparations of defatted soybean flakes were obtained from
commercial sources (Dr Jim Brooks, Ross L aboratories, Columbus,
Ohio). Defatted (Soxhlet extraction with petroleum ether) soybean
flakes were ground to a fine powder in a mortar and pestle and
extracted (1:20 wt/vol) in 20 mmol of sodium phosphate, 1 mmol of
sodium chloride, pH 7.2, overnight at 4°C.

A clone designated P34,° representing the protein seed storage
vacuole protein, was used as a source of recombinant protein. PCR
techniques were applied to isolate the protein-coding region of this
clone. This portion was then subcloned into the pet-24(b)+ vector
for expression of recombinant protein in Escherichia coli. The pro-
tein was expressed with a 6x-his tag on its carboxyl terminus. The
6x-his tag allowed the purification of full-length protein by nickel
resin column affinity chromatography. The purified protein was
characterized by immunoblot analysis with serum IgE from soy-
bean-sensitive individuals. Results indicate that the recombinant
P34 protein was recognized with a similar IgE-binding intensity as
the native protein, suggesting that the recombinant protein can be
used for future studies. The protein was desalted into PBS, concen-
trated (4.2 mg/mL), filter sterilized, and stored for future use.

SDS-PAGE/Western immunoblot analysis

SDS-PAGE was performed according to the method of Laemmli.14
All gels were composed of 12.5% acrylamide resolving gel and 4%
acrylamide stacking gel. Electrophoretic transfer of proteins and
immunoblotting were performed according to standard procedures.1>
The blots were blocked with TBST with 1% BSA 60 minutes before
incubation with antibodies diluted in TRIS-buffered saline buffer for
at least 12 hours at 4°C or for 4 hours at room temperature. Primary
1gE antibody was detected with radiolabel ed anti-IgE antibody (Sanofi
Pasteur Institute, Chaska, Minn) diluted 1:5 (vol/val) in TRIS-buffered
saline buffer. Blots were washed 3 times in buffer, air dried, and
exposed to Kodak X-Omat x-ray film at —70°C for 18 to 144 hoursand
developed in an automatic developer (Konica SRX-101).

IgE binding of mutagenized
immunodominant epitopes

The immunodominant epitopes of P34 recognized by 4 clinical-
ly soybean-sensitive individuals'3 were used to generate individual
peptides for IgE-binding studies. Substitution of an aanine residue
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for each of the wild-type amino acids in the sequence was used to
determine which amino acids were essentia for IgE binding. Indi-
vidual peptides were synthesized on a cellulose membrane contain-
ing free hydroxyl groups with use of Fmoc amino acids according
to the manufacturer’s instructions (Genosys Biotechnologies). Syn-
thesis of each peptide was started by esterification of an Fmoc
amino acid to the cellulose membrane. After washing, all residual
amino functions on the sheet were blocked by acetylation to render
the cellulose membrane unreactive during subsequent steps. Each
additional Fmoc amino acid was esterified to the previous one by
this same process. After addition of the last amino acid in the pep-
tide chain, the amino acid side chains were deprotected with a mix-
ture of dichloromethane-trifluoroacetic acid-tri-isobutylsilane
(1:1:0.05, val/vol), followed by treatment with dichloromethane
and washing with methanol. Membranes containing synthesized
peptides were washed with TRIS-buffered saline solution and then
incubated with the Genosys blocking solution overnight at room
temperature. The membranes were probed immediately with serum
IgE as described above or stored at —20°C until used. IgE binding
was determined by incubating cellulose membranes containing the
synthesized peptides with serum from individuals with documented
soybean hypersensitivity and, as control, serum from an individual
with high-titer IgE with no known food allergy. Primary antibody
was detected with radiolabeled anti-IgE as described for autoradi-
ographs of SDS-PAGE/Western IgE immunoblot analysis.

RESULTS
SDS-PAGE of soybean extracts and
recombinant P34

Fig 1 shows a representative profile of an immunaoblot
of IgE binding to a crude soybean extract and to recom-
binant P34 (rP34) (lanes 2 and 4, respectively). The IgE-
binding is most intense at the 30-kd rP34 protein band.
The IgE immunoblot sensitivity reveals radiographic
binding at both higher and lower molecular weight bands
that are not discernible in the Coomassie blue-stained
photograph. These bands are evident in the original
stained gel and represent complexes and breakdown
products of the rP34 molecule common to many recom-
binant proteins isolated under these conditions. Control
serum from nonleguminous-sensitive patients did not
bind to any of the bands from our rP34 materia nor did
serum IgE from soybean-sensitive individuals bind to
extracts of E coli in these regions (data not shown).

IgE binding to immunodominant epitopes

The prevaence of serum IgE binding to epitopes 1, 6,
13, 15, and 16 were previously identified as immuno-
dominant epitopes with use of serum from 4 clinically
soybean-sensitive individuals.13 In the current investiga-
tion we were able to add data from an additional 8 soy-
bean-sensitive individuals. To determine the extent of
patients’ serum IgE binding to the immunodominant
epitopes, each epitope was synthesized as a single spot
on SPOTs membranes and incubated with serum from
individual patients. The immunodominant epitopes are
listed in Fig 2 with a representative blot of 6 patients
serum IgE-binding pattern. The intensity of IgE binding
and epitope recognition by serum IgE from the individu-
as varied substantially. For example, serum IgE from
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FIG 1. SDS-PAGE IgE immunoblot analysis of crude soybean
extract and rP34. Lane 1, Molecular weight markers. Lane 2, IgE
immunoblot autoradiograph of crude soybean extract. Lane 3,
Coomassie blue-stained rP34 protein. Lane 4, IgE immunoblot
autoradiograph of rP34 protein.

patients 5 and 3 bound al 5 epitopes with the same inten-
sity. Patients 7, 8, and 1 demonstrated moreintense stain-
ing to epitope 15, whereas serum from patient 3 recog-
nized epitope 13 as the predominant epitope. This
difference in intensity and binding was characteristic of
serum IgE from all 12 patients tested. Because the inten-
sity of the binding varied, we chose to test patient serum
against the 5 immunodominant epitopes. Table | shows
asummary of the 12 patients’ serum IgE that were test-
ed for binding to the 5 immunodominant epitopes. We
had 2 patients who did not recognize any of the 5
immunodominant epitopes and 5 who recognized all the
epitopes, and the remaining bound from 2 to 4 of the 5
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TABLE |. Summary of P34 immunodominant epitope map-
ping by serum IgE from soybean-sensitive individuals

P34 epitope binding
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+, Positive binding; +, marginal binding; —, negative binding.
*Selected for mutagenized epitope mapping.

TABLE Il. Mutagenesis of P34/Gly m Bd 30K epitope 1

Mutagenized Position
SPOT No. epitope 1 change
1 ALVLLLFSLL F1A
2 FAVLLLFSLL L2A
3 FLALLLFSLL V3A
4 FLVALLFSLL L4A
5 FLVLALFSLL L5A
6 FLVLLAFSLL L6A
7 FLVLLLASLL F7A
8 FLVLLLFALL S8A
9 FLVLLLFSAL L9A
10 FLVLLLFSLA L10A
11 FLVLLLFSLL Native

Note: If an aanine residue resided in mutagenized location, glycine was
used as substituted amino acid.

immunodominant epitopes. This is in agreement with
our initial results in that there appears to be a great
amount of diversity in the immunodominant IgE-bind-

ing epitopes.

IgE binding to mutagenized
immunodominant epitopes

To determine the amino acids that are critical to IgE
binding of the 5 immunodominant epitopes, we mutage-
nized the amino acid sequences by substituting aanine at
each position and compared the IgE binding to native
(wild-type) epitope. Table Il depicts the position change
for epitope 1. Each epitope was modified in this manner
in a series of replicates for analysis with IgE from 6 of
the P34-sensitive individuals. Fig 3 shows the results
from 3 of these individuals.

Serum IgE from patient 12 recognized only epitopes 6,
13, and 16. Alanine substitutions in epitope 6 at positions
6 and 7 and at position 7 in epitope 16 showed reduced
IgE binding. Alanine substitutions at positions 1-6 and 8
showed increased and position 7 reduced IgE binding
with this patient’s serum IgE to epitope 16. Epitope 13
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P34/Gly m Bd 30K Immunodominant Epitopes
Epitope  Amino acid position =~ Amino acid sequence
1 3-12 FLVLLLFSLL
6 110-119 POUEFSKETY(Q
13 229-238 RCEKANKIQDE
15 299 - 308 INHFVLIVGY
16 311 -340 CYIWIQRNTG

FIG 2. Autoradiograph of patient serum IgE binding to 5 immuno-
dominant P34/Gly m Bd 30K epitopes.

could not be mutagenized to a non-IgE-binding peptide
with alanine substitutions at any position in the peptide
with serum from patient 12.

Serum IgE from patients 8 and 3 recognized all 5
epitopes. Consistent with patient 12, serum from both
patients failed to bind IgE at positions 6 and 7 of epitope
6. Serum from patient 8 demonstrated that an alanine
substitution did not significantly alter the IgE binding in
the remaining sites of the epitopes investigated. The
autoradiograph for patient 3, in addition to reduced IgE
binding at position 6 and 7 of epitope 6, revealed both
increased and decreased levels of radiostained intensity
in the remaining sites of the immunodominant epitopes.

Table 11l summarizes the extent of IgE binding to
mutagenized epitopes with the 6 individuals we tested.
Notable in this table is the consistency with which we
could or could not mutagenize IgE binding by alanine
substitution. Epitopes 1, 13, and 15 could not be mutag-
enized to a non-1gE-binding peptide, whereas epitope 6
could be altered to a non-IgE-binding peptide by an ala
nine substitution at positions 6 and 7 in the amino acid
sequence. Epitope 16 was more variable and could be
mutagenized to a non-1gE-binding peptide at position 7
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AMINO ACID POSITION
123 4567891011

160000808 @000
A. Patient #12

EPITOPES

C. Patient #3
FIG 3. Autoradiograph of representative patient serum IgE bind-
ing to mutagenized P34/Gly m Bd 30K epitopes.

for 4 patients (patients 4, 5, 7, and 12) and at positions 5
and 6 for 2 patients (patients 3 and 8). This suggested that
we could mutageni ze epitopes 6 and 16 to non-1gE-bind-
ing peptides by substituting alanine at specific sitesin the
sequence of rP34 for patients 3, 8, and 12.

DISCUSSION

Five immunodominant |gE-binding epitopes were pre-
viously identified with use of serum IgE from 4 soybean-
sensitive individuals by B-cell epitope mapping with
overlapping peptides for the soybean protein identified
as Gly m Bd 30K (Gly m Bd30K/P34), a plant thiol pro-
tease.13 This protein has been identified as the major soy-
bean allergen with a frequency of 65% in patients with
atopic dermatitis with food allergy.8 In this study we
report the results of mutagenizing the 5-immunodomi-
nant epitopes on the P34/Gly m Bd 30K soybean for the
identification of amino acids critical for IgE binding. The
single-site amino acid substitution of the 5 epitopes
revealed that IgE binding could be reduced or eliminated
depending on the serum of individua patients.

Adverse reactions to various food products are a com-
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TABLE lll. Summary of 6 patients’ sera used to map mutagenized immunodominant epitopes

Amino acid position (alanine)

Epitope 1 2 3 4 5 6 7 8 9 10 Weight
Patient 12
1 —_ — — — — — — — — —
6 + + + + + — + + + +
13 + + + + + + + + + + +
15 — - - — — - - - - - -
16 + + + + + + — + + + +
Patient 9
1 —_ — — — — — — — — — —
6 + + + + + — — + + + +
13 + + + + + + + + + + +
15 — - - - - -
16 + + + + + + — + + + +
Patient 4
1 + + + + + + + + + + +
6 + + + + + — — + + + +
13 — - - - - - — - — - —
15 + + + + + + + + + + +
16 + + + + + + + + + +
Patient 3
1 + + + + + + + + + + +
6 + + + + + — — + + + +
13 + + + + + + + + + + +
15 + + + + + + + + + + +
16 + + + + — — + + + + +
Patient 5
1 + + + + + + + + + + +
6 + + + + + — — + + + +
13 + + + + + + + + + + +
15 + + + + + + + + + + +
16 + + + + + + — + + + +
Patient 8
1 + + + + + + + + + + +
6 + + + + + — — + + + +
13 + + + + + + + + + + +
15 + + + + + + + + + + +
16 + + + + — — + + + + +

mon problem faced by primary care physicians. Among
the numerous reactions ascribed to soy products, hyper-
sengitivity, in contrast to enterocolitis, is described as an
abnormal immunologic response in which IgE is the prin-
cipal immunoglobulin. In most studies the diagnosis of
soy alergy has been based on clinical evauation or case
histories reported by parents without substantial scientific
diagnostic criteria. In a recent study 1% of children with
allergic disease had documented soy allergy and al of
them had atopic dermatitis.16 In related studieswith a3- to
5-year follow-up, the frequency of soy reactions was
almost nonexistent,17 with other studies proclaiming a
more transient adverse soy reaction.1819 The reports sug-
gest a wide discrepancy in soy reactions, ranging from
nonexistent to transient and documented soy reactions.
This discrepancy is manifested in patient selection criteria
and the method used to document soy reactions. Our study
involved patients with soy reactions clinically proved by
DBPCFC. After diagnosis of a food alergy, the only

proved therapy is elimination of the offending allergen.20
For those individuals with soybean allergy a more direct
approach to treatment of thisfood alergy is desirable.
Although the incidence of allergy to soybean proteins
is quite low in comparison with other major food pro-
teins, the gradually increasing consumption of soybean
products makes the identification and characterization of
major soy alergens a focus for investigation. Herian et
als identified 3 different patterns of immunoblotsin adult
patients with soybean allergy on the basis of molecular
weights. Serum bound IgE patterns were resolved into
those individuals who had IgE-recognizing proteins with
molecular weights of 50 to 60 kd, 20 kd, or 14 kd.
Awazuhara et al2! identified 5 proteins with molecular
weights ranging from 20 to 78 kd in the whey and glob-
ulin fraction of soybean extracts. None of these proteins
had an IgE-binding frequency greater than 50%. In stud-
ies with 8 serum samples from soy protein—allergic
children, immunoblots to crude soy proteins demonstrat-
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ed that IgE- and 1gG-specific antibodies to crude soy
extracts were elevated in patients with positive
DBPCFC, but none of the soy fractionsinvestigated were
clearly more antigenic.6 In a study carried out in Japan,
SDS-PAGE and immunoblotting analyses revealed that
19% of patients with atopic dermatitis possessed IgE
antibodies specific for soybean proteins.8 At least 16 pro-
teins were recognized, with detection frequencies rang-
ing from 1.4% to 2.9% for 2S and 11S components to as
high as 65% for the 7S-globulin fraction that contains
Gly m Bd 30K. The remaining protein components had
IgE binding frequencies of less than 30%. The variabili-
ty in the number of epitopes recognized reflects both the
polyclonal nature of the immune response and the sub-
ject variability in epitope recognition.

The development of methods to reduce the allergenic-
ity of soybean proteinsis required because no other food
material is used in as many foods as soybean throughout
the world. Hidden soybean allergens in processed foods
have been shown to provoke severe reactionsin sensitive
individuals.22 A combination of both genetically selected
soybean cultivar mutants lacking the a- and a”-subunits
of conglycinin and physicochemical separation methods
to remove Gly m Bd 30K from soy milk has been
described.12 Although this is a very simple method, effi-
cient industrial application procedures have not been
developed to produce a nonallergenic or very-low-aller-
genic soybean protein source.

Another method to reduce the allergenicity of soy-
bean proteins would be to introduce genes that would
produce hypoallergenic versions of the allergens.23-25
The intensity of binding to wild-type peanut allergen
was routinely high, whereas binding to mutated epitopes
was markedly decreased at specific sitesin each of the
peanut epitopes. In contrast, the IgE binding to wild-
type P34/Gly m Bd 30K epitopes did not show the same
degree of intense binding as evidenced by autoradi-
ographic analysis, nor could we mutate each of the epi-
topes to non-1gE-binding peptides. Peanut sensitivity,
which is a life-long, life-threatening hypersensitivity, is
a more severe food allergy leading to anaphylactic
episodes. Soybean hypersensitivity, which is usually
outgrown by age 5 years or less, is associated more with
gastrointestinal symptoms and normally does not lead to
an anaphylactic episode.

The elucidation of the IgE-binding epitopes on
P34/Gly m Bd 30K, the major allergen of soybean in
atopic dermatitis identified by Ogawa et al® and the
determination of amino acids essential to IgE binding
could provide the information necessary to alter the gene
responsible for encoding a non-IgE-binding protein.
Although other proteins are involved in soybean hyper-
sensitivity, we chose the P34 molecule as our first soy-
bean alergen to mutagenize and to test for insertion into
the soybean genome. This approach will require that we
suppress the native gene and determine that our altered
gene product will retain its native function and properties
in the soybean plant and seed. We propose to test our
hypothesis with use of in vitro transformation techniques
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to determine the potential of producing a soybean prod-
uct with reduced P34 serum IgE binding. Our overall
approach is to prepare moderately modified proteins by
site-directed amino acid substitutions of soybean aler-
gens and use of cosuppression of native allergens to pro-
duce a hypoallergenic soybean plant.
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