This article was downloaded by:[Advanced Institute of Sanita]
[Advanced Institute of Sanita]
On: 21 February 2007
Access Details: [subscription number 769486267]
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

) | Critical Reviews in Food Science and
_ & | Nutrition

. .(
Publication details, including instructions for authors and subscription information:
.FOO http://www.informaworld.com/smpp/title~content=t713606380

N
S =el=. & ¥ | Allergenicity of Soybean: New Developments in
and Identification of Allergenic Proteins, Cross-Reactivities

o F
Nutrifion and Hypoallergenization Technologies
ﬁ!ﬁ_""” - -

To link to this article: DOI: 10.1080/10408390600626487
URL: http://dx.doi.org/10.1080/10408390600626487

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article maybe used for research, teaching and private study purposes. Any substantial or systematic reproduction,
re-distribution, re-selling, loan or sub-licensing, systematic supply or distribution in any form to anyone is expressly
forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents will be
complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses should be
independently verified with primary sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand or costs or damages whatsoever or howsoever caused arising directly or indirectly in connection with or
arising out of the use of this material.

© Taylor and Francis 2007



http://www.informaworld.com/smpp/title~content=t713606380
http://dx.doi.org/10.1080/10408390600626487
http://www.informaworld.com/terms-and-conditions-of-access.pdf

£00z Arenugad Tz 95:0Z v [enues jo simnsu| psoueapy] :Ag pspeojumog

Critical Reviews in Food Science and Nutrition, 47:127-143 (2007)
Copyright © Taylor and Francis Group, LLC

ISSN: 1040-8398

DOI: 10.1080/10408390600626487

Taylor & Francis
Taylor & Francis Group
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Cross-Reactivities and
Hypoallergenization Technologies

LAMIA I’HOCINE and JOYCE 1. BOYE

Food Research and Development Centre, Agriculture and Agri-Food Canada, St-Hyacinthe, Quebec, Canada

Soybean is considered one of the “big eight” foods that are believed to be responsible for 90% of all allergenic reactions.
Soy allergy is of particular importance, because soybeans are widely used in processed foods and, therefore, represent
a particularly insidious source of hidden allergens. Although significant advances have been made in the identification
and characterization of soybean allergens, scientists are not completely certain about which proteins in soy cause allergic
reactions. At least 16 allergens have been identified. Most of them, as with other plant food allergens, have a metabolic, storage,
or protective function. These allergens belong to protein families which have conserved structural features in relation with
their biological activity, which explains the wide immunochemical cross-recognition observed among members of the legume
Sfamily. Detailed analysis of the structure-allergenicity relationships has been hampered by the complexity and heterogeneity
of soybean proteins. A variety of technological approaches have been attempted to decrease soybean allergenicity. This paper
provides a comprehensive review of the current body of knowledge on the identification and characterization of soybean
allergens, as well as an update on current hypoallergenization techniques.
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INTRODUCTION

The soybean (Glycine max), often called the miracle crop, is
today the world’s foremost provider of protein and oil. Probably
native to China, it provided food and oil for Asian countries
for thousands of years before its introduction to the rest of the
world in the twentieth century. In western countries the history
of soybeans for human consumption dates back only several
decades; yet today, more soybeans are grown in the United States
than anywhere else in the world. World soybean production,
in 2004, reached 217 million metric tons, and soybean meal
represented 67% of the world total protein meal consumption. '

Since the 1960s, new soy protein products have been devel-
oped, such as soy flour, flakes, grits, soy protein concentrate,
and soy protein isolate. Due to their excellent nutritional and

Address correspondence to Joyce I. Boye, Food Research and Develop-
ment Centre, Agriculture and Agri-Food Canada, 3600 Casavant Blvd. West,
St-Hyacinthe, J2S 8E3, Quebec, Canada. E-mail: boyej@agr.gc.ca

functional properties, such as water and fat absorption, emulsi-
fication, foaming, gelation, and binding, these protein products
are now widely used (Fig. 1) as ingredients in formulated foods,
meat and poultry products, bakery and pastry products, dairy
products, and edible spreads, etc. Soybeans are also being used
today in a variety of cosmeceutical, pharmaceutical, and indus-
trial applications (Fig. 2). One of the difficult problems limit-
ing the expanded use of soy proteins products is the presence
of allergenic proteins; soybean is included in the “big eight”
foods that are believed to be responsible for 90% of all food
allergies.>*

The terminology surrounding food allergy (hypersensitivity)
as opposed to food intolerance has been very confusing.>~7 A
generally accepted definition of food allergy, in North America,
is thatitis an abnormal immunological (usually an immunoglob-
ulin E (IgE)-related) reaction resulting from the exposure (in-
gestion, skin contact, or inhalation) to exogenous food macro-
molecules (generally proteins) known as allergens or antigens.*%
This reaction results in a marked increase in reactivity to that

127
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Figure 1 Soybean foods and ingredients.

allergen on subsequent exposures, resulting in adverse effects.
Food intolerance, on the other hand, is defined as a repro-
ducible non-immune-mediated reaction to an ingested food or
food component. It can include idiosyncratic, metabolic, or toxic
responses to food.* The European Academy of Allergy and Clin-
ical Immunology (EAACI) uses the term intolerance as an um-
brella term for allergic and non-allergic reactions, as is common
practice in UK.’ In this review, we adopt the North American
definition and use the term allergy to refer to immune-mediated
hypersensitivity.

The exact prevalence of soy allergy in the general population
is unknown and is likely to be dependent on local feeding habits
and exposure; however, a prevalence rate of 0.3-0.4% in the
general population has been quoted.® Soy allergy appears to af-
fect 6% of atopic children and 14% of children with cow’s milk
allergy.? Estimates of the threshold levels for triggering adverse
reaction in soy allergic individuals vary widely and have been

reported to vary from 0.0013 mg to 500 mg.® Clinical manifes-
tations of soy allergy are similar to other food allergies, rang-
ing from severe enterocolitis, to atopic eczema, and immediate
IgE-mediated systemic multi-system reactions. Although severe
reactions to soy are rare compared to reactions to peanuts, tree
nuts, fish, and shellfish, “fatal events” after eating soy have been
reported.' Anaphylactic reactions to bread, pizzas, or sausage
extended with soy protein date back at least to 1961.'" Subse-
quent studies have confirmed that the risk may be rare but very
real.!2~16

Soy allergy is of particular importance, because soybeans are
widely used in processed foods and, therefore, represent a par-
ticularly insidious source of hidden allergens. Their avoidance
in the diet can be very challenging; especially, when the regula-
tion for labelling of allergens, as in many countries, covers only
allergens present in ingredients but not hidden allergens in com-
pound ingredients.!” For example, if margarine is added to a food
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Figure 2 Pharmaceutical, cosmeceutical and industrial applications of soybeans.

product it will be listed as such, but soy present in the margarine
itself may not be listed on the ingredients panel. Regulations for
food allergen labelling are changing around the world (eg. North
America and Europe), which should offer greater protection for
allergic consumers.

Several laboratories have reported immune system responses
to multiple fractions of soy protein, with no fraction being the
most consistently antigenic.'3=2! At least 16 allergenic proteins
have been detected that bind to IgE of sera of soybean-sensitive
patients. The identification and characterization of soybean al-
lergens are being carried out by several research groups. While a
few reviews of the dominant allergens exist in the literature, 2223
significant advances have been made in the last few years in the
characterization of these allergens and in the identification of
new allergenic proteins. The present paper provides a compre-
hensive review of the current body of knowledge on the identi-

fication and characterization of soybean allergens, as well as an
update on current hypoallergenization techniques.

SOYBEAN PROTEINS

Since the allergenicity of soybean essentially resides in the
protein fraction, it is important to provide a brief overview of
the composition of the major soybean protein fractions. Approx-
imately 90% of the soybean seed storage proteins are salt-soluble
globulins, with the remainder being water-soluble albumins. An-
alytical ultracentrifugation studies of soy proteins have revealed
four fractions with approximate Svedberg coefficients of 2S,
7S, 118, and 15S.2*% These fractions are not homogeneous but
rather, mixtures of proteins (Fig. 3). They have been studied to
different degrees and have been characterized.
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Figure 3  Average composition of soybeans.

2S Fraction

The 2S fraction contains from 8 to 22% of the extractable
soybean protein and consists of a number of enzymes.’® The
fraction is composed of proteins with a variety of molecular
weights. Probably the most studied proteins of the 2S fraction
are the trypsin inhibitors: the Bowman-Birk inhibitor which has
a molecular weight of 7.8 kDa and the Kunitz inhibitor with a
molecular weight of about 21.5 kDa. The soybean Kunitz trypsin
inhibitor (KTI) is a small monomeric and non-glycosylated pro-
tein that was first isolated and crystallized from soybean by
Kunitz.?’

78 Fraction

The 7S fraction of soy proteins comprises about 35% of the
soluble proteins. It contains the storage proteins B-conglycinin
(7S globulin), which make up about 85% of the total 7S fraction.
Cytochrome ¢ (12 kDa), B-amylase (62 kDa), lipoxygenases
(102 kDa), and lectins (hemagglutinins; 120 kDa), also occur in
the 7S fraction.?¢

B-conglycinin has been studied extensively. It is now gener-
ally agreed that 8-conglycinin is a glycoprotein with a molecu-
lar weight range from 140 to 170 kDa. It is a trimer composed
of three prevalent types of subunits, «, &', and 8, which have
molecular masses of 76, 72, and 53 kDa, respectively.28 Another
subunit, named 8, is present only in some soybean varieties.?3
All of the B-conglycinin subunits are glycoproteins and contain
4-5% carbohydrate.’' In addition, B-conglycinin undergoes a
complicated association-dissociation phenomenon in response
to changes in ionic strength and pH. According to Thanh and
Shibasaki, at low ionic strength, the six forms of trimers are able
to reversibly dimerize.3? The resulting 9S form is a superdimer
of trimers becoming a hexamer with a molecular weight of about
280 to 350 kDa. Furthermore, native B-conglycinin (7S glob-
ulin) is heterogeneous in regard to subunit composition and
six among the 10 possible combinations have been demon-
strated to occur.>* These are: aaa, aae’, aaf, aa’ B, afB, and

a'BB.

118 Fraction

The 118 fraction comprises 31-52% of the soluble soy pro-
tein with about 85% of the total being 11S globulin. The 11S
globulin is also known as glycinin and it accounts for over 40%
of the total seed globulin.?* In contrast to B-conglycinin, only
a small portion of glycinin is glycosylated.>* The currently ac-
cepted model of native glycinin is a hexamer with MW of about
320 to 360 kDa. Each of its subunits (58-69 kDa) can be dis-
sociated under reducing conditions into acidic (A; 31-45 kDa)
and basic (B; 18-20 kDa) polypeptide chains, that are linked
through inter-chain disulfides.?® Five major subunits have been
characterized,?>3 namely AlaB2 (G1), AIbB1b (G2), A2Bla
(G3), A3B4 (G4), and ASA4B3 (G5). The acidic polypeptide A5
had an exceptionally low MW of 10 kDa. Glycinin has a com-
plex quaternary structure consisting of two layers of trimers.
Each trimer has its three acidic and three basic polypeptides
paired and held together by disulfide and hydrogen bonds, with
acidic and basic alternating.” Under proper conditions, the 11S
can be fractionated into units of 7S. These 7S units appear to
be composed of three acidic and three basic subunits. The 11S
protein can also be broken to yield 3S subunits which appear
to be dimers consisting of one acidic and one basic subunit
each.

158 Fraction

This fraction comprises about 5% of the total extractable
protein. It is only poorly characterized and is thought to be com-
posed of polymers of the other soy proteins.

IDENTIFIED ALLERGENS OF SOYBEAN

Identification and characterization of specific protein com-
ponents linked to soybean allergy has been the focus of several
studies. The results of these investigations have shown that a
heterogeneous group of proteins (Table 1) are IgE-binding and
are potential allergens.

Soybean Vacuolar Protein (Gly m Bd 30 K)

The soybean protein Gly m Bd 30 K also known as P34, is
considered a major allergenic protein of soybean seeds.?’38 IgE
binding assays using immunoglobulin from soybean sensitive
individuals indicated that 65% of the total allergenic response
was accounted for by Gly m Bd 30 K.2%-3%40 This protein was
characterized and identified as the soybean 34-kDa oil body as-
sociated protein, which has also been reported as seed storage
protein, P34, in the vacuoles of soybeans.*! This protein showed
considerable sequence similarity (fifteen N-terminal amino-acid
residues) to the thiol proteinase of the papain family, including
the allergenic thiol proteinase Der p 1 from house dust mites.
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Table 1 Identified allergens of soybean

IgE-binding proteins Allergen nomenclature Molecular weight Family References
Hydrophobic proteins Gly m 1: (IUIS)* Lipid transfer protein Gonzalez et al.*>*3
Glym 1.0101 7.5 kDa
Gly m 1.0102 7.0 kDa

Unknown Gly m 2 (IUIS) 8.0 kDa Storage protein Codina et al.>

Profilin Gly m 3 (IUIS) 14 kDa Profilin Rihs et al.%?

SAM22 Gly m 4 (IUIS) 16.6 kDa Pathogenesis related Kleine-Tebbe et al.®*

protein PR-10 Neudecker et al.®*

Mittag et al.%

P34 GlymBd 30K 34 kDa Protease Ogawa et al.20-%

Unknown Asn-linked glycoprotein GlymBd 28 K 26 kDa Unknown Tsuji et al.*6-43

B-Conglycinin Not assigned 140-170 kDa Storage protein Ogawa et al.*

Glycinin Not assigned 320-360 kDa Storage protein Zeece et al>!
Helm et al.>*

2S albumin Not assigned 12 kDa Prolamin Gu et al.®?

Lectin (agglutinin) Not assigned 120 kDa Lectin Fuetal.”*

Lipoxygenase Not assigned 102 kDa Enzyme Baur et al.%’

Kunitz trypsin inhibitor Not assigned 21 kDa Protease inhibitor Baur et al.>’
Quirce et al.”8

Unknown Not assigned 39 kDa Unknown Gu et al.®?

Unknown Not assigned 50 kDa Homology to chlorophyll Codina et al.%

A-B binding protein

P22-25 Not assigned 22-25 kDa Unknown Hessing et al.%’

*IUIS: International union of Immunological Societies (IUIS) official allergen nomenclature.

P34 was named by the authors Gly m 1,%° and should not be ~Gly m Bd 28 K

confused with another soybean allergen, the hull hydrophobic
protein, which has been officially designated as Gly m 1.4
Helm et al. determined the linear IgE specific epitopes of the
34-kDa allergen amino-acid sequence through B-cell epitope
mapping.*’ Their study revealed 10 regions of IgE-binding ac-
tivity using an overlapping peptide strategy of 15-mers offset by
8 amino acids throughout the P34 sequence. Smaller overlapping
peptides, 10-mers offset by 2 amino acids, revealed 16 distinct
linear epitopes, 9 of which were mapped to the mature protein.
Using individual patient serum, 5 immunodominant epitopes
were identified in this allergen. Whether there are any confor-
mational epitopes in addition to the linear epitopes on Gly m Bd
30 K is unknown.

B-Conglycinin

Burks et al.!” reported IgE-binding to the three, o, o’ and 8
subunits of B-conglycinin. Later on, Ogawa et al.* confirmed o-
subunit of 8-conglycinin to be allergenic, but showed «’-subunit,
which is highly homologous to the «-subunit, to have no aller-
genicity. Different sensitization histories of individual patients
may be one of the reasons for the discrepancy. Ogawa et al.**
showed that the epitope(s) of the -subunit was located on the
peptide 232-383, which had no sugar moiety, suggesting that
the sugar moiety of «-subunit was not essential for the binding
of IgE antibodies. Beardslee et al.*’ have suggested that the IgE
epitopes are confined to regions of the 170 residue N-terminal
insert found in the a-subunit.

The allergenic soybean seed protein Gly m Bd 28 K has been
isolated and characterized by Tsuji et al.*® It has been puri-
fied by immunoaffinity chromatography and was shown to be
an unknown Asn-linked glycoprotein with a molecular mass of
26 kDa.*® The glycan moiety of Gly m Bd 28 K was shown to
bind to IgE antibodies at Asn 20, in the sera of soybean-sensitive
patients (Hiemori et al., 2000).*” A cDNA clone encoding Gly m
Bd 28 K has been isolated.*® This clone was shown to encode a
polypeptide composed of 473 amino acids, which exhibited high
homology with the MP27/MP32 proteins in pumpkin seeds and
carrot globulin-like protein.*3

Glycinin

Glycinin of the 118 fraction of soy proteins has also been im-
plicated as a major allergen. Pedersen and Djurtoft *° reported
IgE-binding to all of the native acidic subunits of glycinin, but
little or none to the basic subunits. Other studies have, how-
ever, shown that both chains of soybean glycinin proteins bind
IgE from soybean allergic patients.”® Zeece et al.’! reported
that the acidic glycinin G1 subunit exhibited a much stronger
IgE binding than acidic glycinin G2, even though the sequence
homology was quite similar. These authors, by using in situ
digestion, were able to narrow the region of IgE-binding on
glycinin G1 to 15 kDa peptide corresponding to amino acid
residues 192-306 and comprising the C-terminal of the acidic
portion of the polypeptide. This fragment of 15 kDa was also
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shown to have the greatest sequence variability with the G2
acidic chain. In their study, Helm et al.,>> by using B cell epi-
tope mapping, identified 11 linear epitopes in the glycinin G2
that bound to IgE. Four immunodominant epitopes were iden-
tified among them. Furthermore, based on the structure of the
7S phaseolin protein from the French bean, a three-dimensional
(3D) model for glycinin was developed. This 3D model was
used to determine the spatial arrangement of the epitopes. In-
terestingly, the epitopes of G2 glycinin were all located on the
exterior of the molecule, and predominantly on one surface of
glycinin trimers. Later on, Xiang et al.,>* by using sera from pa-
tients with known soybean allergies and sera from patients with
known peanut allergies, performed epitope mapping for IgE-
binding for glycinin G1 acidic chain (Gla), glycinin G2 acidic
chain (G2a), and Ara h 3 (a major peanut allergen). Their results
confirmed that the acidic chains of both soybean G1 and G2 bind
IgE; furthermore, they established the dominant epitope region
of the G2a protein as residing on the C-terminal end and identi-
fied it as the sequence S219-N233. To further identify the amino
acids that are critical to IgE binding, the authors carried out ala-
nine scanning mutagenesis of this G2a epitope, which revealed
that six amino acids contributed most towards its IgE binding.
Another peptide E247-V261, which showed weak IgE-binding,
was also reported. This peptide has been previously identified
in G2a,%%32 as well as in the corresponding sequences of Gla*’
and Ara h 3.°* The dominant G2a epitope identified by Xiang
et al.>* was, however, not among the four IgE-binding epitopes
identified for soybean G2a by Helm et al.’*>? Interestingly, this
G2a epitope was part of a corresponding region of a G1la epitope
identified by the same group earlier* and which was also found
to be adjacent to the Ara h 3 epitope (G240-A254) identified by
Rabjohn et al.>*

Kunitz Trypsin Inhibitor

Not only have reports about hypersensitivity after ingesting
soybean products been published, but also some articles about
inhalative sensitization to soybean flour and soybean hull. The
first reports of soybean inhalative allergy occurred in workers
in a soybean mill,® which indicated that soybean was not only
a food allergen but also an occupational aero-allergen capable
of inducing asthma. Moroz and Yang,3® later demonstrated that
the serum of a patient with an occupational respiratory disorder
had IgE antibodies specific for soybean Kunitz trypsin inhibitor
(KTT; 21 kDa). In subsequent studies, serologic tests of 14 bakers
with work related respiratory symptoms who had been sensitized
to soybean flour, revealed KTI to be a major soybean allergen.’’
In similar studies, Quirce et al.>® demonstrated a positive cu-
taneous and IgE response, as well as a specific bronchial re-
sponse to purified soybean KTT in two bakers with work-related
asthma, who were occupationally exposed to soybean flour;
thus confirming the soybean KTI to be an occupational inhalant
allergen.

Soybean Hull Proteins (Gly m 1.0101, Gly m 1.0102,
and Glym 2)

Soybean hull was identified as a source of aeroallergens that
caused soybean epidemic asthma.*’ The hull components re-
sponsible for respiratory allergies were identified and officially
denominated by the International Union of Immunological So-
ciety (IUIS) Allergen Nomenclature Sub-Committee as isoaller-
gens Gly m 1.0101 also known as Gly m 1A (glycoprotein S2,
MW of 7.5 kDa, pl 6.8) and Gly m 1.0102 also known as Gly
m 1B (protein S1, MW 7.0 kDa, pI 6.1-6.2). These isoallergens
were identified as soybean hydrophobic proteins belonging to
the lipid transfer protein family.*3

Using sera of asthmatic epidemic patients from Barcelona,
Codina et al.**® confirmed the allergenicity of Gly m 1.0101
and Gly m 1.0102 from soybean hull. The authors further iden-
tified and characterized a third allergen named Gly m 2 (MW
of 8 kDa, pl 6.0), which was shown along with Gly m 1 (Gly m
1.0101 and Gly m 1.0102) to be partially responsible for the soy-
bean asthma outbreaks that occurred in Barcelona, Spain. The
N-terminal partial sequence of Gly m 2, lacked homology with
that reported for allergen Gly m 1, but had homology of 71%
with a storage protein from the cotyledon of cow pea, and 64%
homology with a disease response protein from green pea, sug-
gesting that Gly m 2 in soybeans could protect against diseases,
which affect soybeans plants. These three low molecular weight
soybean hull aeroallergens were found to be not responsible
for the occupational asthma caused by soybean flour in bakers,
where mainly high molecular weight allergens from both flour
and hull were involved.®!

Soybean Profilin (Gly m 3)

Rihs et al.®? isolated a soybean seed profilin by a PCR-based
cDNA cloning technique that was cross-reactive with IgE an-
tibodies in the sera of soybean-sensitive patients. This allergen
was named rGly m 3. Epitope mapping with recombinant pro-
filin indicated that only the full length rGly m 3 was able to bind
with IgE, whereas overlapping soybean profilin fragments did
not show significant binding reactivity. It was concluded that
IgE-binding to rGly m 3, was dependent on the integrity of a
conformational structure, which was not present in the over-
lapping profilin fragments. Furthermore, Soybean Gly m 3 was
found to be homologous to Bet v 2, a birch pollen allergen, with
a sequence identity of 73% and to eleven other plant profilins
with a 69 to 88% identity. The significance of Gly m 3 as an
allergen in soybean deserves further study.

Soybean Protein SAM22 (Gly m 4)

Crowell et al.5® revealed that the stress-induced 16.6 kDa
PR-10 protein SAM22 (starvation-associated message 22) from
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soybean seed has a sequence identity of approximately 50% with
Bet v 1, which is responsible for IgE antibody binding in more
than 95% of birch pollinosis (the prevailing allergic diseases
in Northern and Central Europe and Northern America). Later
on, Kleine-Tebbe et al.%* observed severe oropharyngeal and
anaphylactic reactions in birch pollinotics after ingestion of a
dietary powder containing 50% of soy protein isolate. Eighty-
five percent of those patients had specific IgE against SAM22,
which has been now designated as Gly m 4 allergen by the TUIS. %
More recently, Mittag et al.,%® through a clinical investigation
revealed that 96% of patients reacting to Bet v 1 have also Gly
m 4-specific IgE and that 64% of them recognized other soy
proteins. Their results also showed that IgE binding was at least
80% inhibited by birch pollen and 60% inhibited by recombinant
rGly m 4. These studies confirmed that Gly m 4 was the major
soy allergen for patients allergic to birch pollen and that soybean
was another birch pollen-related allergenic food.

Other Soy Allergens

In the course of investigations on the allergenicity of soybean,
Hessing et al.®’ found a low molecular weight soy protein, identi-
fied as P22-25 that induces strong antibody responses in calves.
The nature of this protein remains unknown, although it was
shown to be different from the allergenic P34 described earlier.
In addition, a 50 kDa protein with homology to chlorophyll A-B
binding protein was identified as binding IgE of patient with soy
allergy.®® Baur et al.’’ demonstrated by Radio Allergosorbent
Tests (RAST), that lipoxidase (lipoxygenase) was a major aller-
gen of soybean for fourteen bakers suffering from workplace-
related respiratory symptoms and sensitized to soybean. Lectin
is another soybean protein considered to be a potential aller-
gen. This protein has a MW of approximately 120 kDa and is
composed of four identical subunits of 30 kDa each. Lectins
are carbohydrate-binding proteins that are predominantly found
in plant seeds, particularly those of legumes,®® they have been
associated with some diseases in humans and animals including
IgE-type allergies.”~"* Plant lectins have been shown to react
unspecifically with the carbohydrate moieties of IgE inducing
allergy-like symptoms.”> The peanut agglutinin, for example,
was identified as a lectin that was specifically recognized by IgE
from a minority of peanut-allergic patients.’® Little is known,
however, about soybean lectin allergenicity and this obviously
deserves further studies.

ALLERGENICITY OF SOYBEAN OIL

The bibliography is frequently contradictory on the aller-
genicity of soybean oil. Montagnon et al.”” showed that aller-
genic proteins (28 and 56 kDa), were present not only in cold-
pressed but also in deodorized soy oil. Moneret-Vautrin et al.”®
also reported an unusual soy oil allergy in an allergic infant who
reacted to milk, soybeans, and soybean oil emulsion. In contrast,
in an earlier study, Bush et al.”’ reported the safe ingestion by

soybean-allergic individuals of 6 commercial soybean oil sam-
ples. More recently, the same group of researchers undertook
a comprehensive study, where 30 highly refined soy oils from
around the world were fed to a geographically and ethnically di-
verse soy-allergic people.®” Their study demonstrated that none
of the 29 tested individuals had a reaction. Based on these find-
ings, American regulators reportedly® exempted highly refined
vegetable oils from known allergens, such as peanuts and soy-
bean from the new federal food allergen labelling law that will
take effect in 2006. Similarly, the European Union temporar-
ily exempted highly refined soybean oil from their new food
allergen labelling regulations.

The disparity in the available data may be a result of vari-
abilities in the processes used in industry, the conditions under
which proteins are extracted in the laboratory, as well as the use
of different sensitized human sera. From the bulk of existing
reports it appears that highly refined soybean oil may not repre-
sent a risk of provoking allergic reactions in the overwhelming
majority of susceptible people. However, it is uncertain if the
minute amounts of proteins remaining in this oil could provoke
reactions in very sensitive individuals. This issue continues to
deserve further investigation.

ALLERGENICITY OF SOYBEAN LECITHIN

Another suspected source of allergens is soybean lecithin.
The content of lecithin in soybean (1.1-3.2%) is one of the high-
est found in plants.3! Since extraction of soybean lecithin is a rel-
atively easy process, they have gained importance as emulsifiers
and stabilizers for the food, pharmaceutical, and other technical
industries (Figs. 1 and 2). Due to their widespread use and the ex-
tremely low levels at which allergens can elicit severe reactions,
soy lecithin could represent an unrecognized source of hidden
allergens in many products. Miiller et al.3! tested six commercial
soy lecithins against sera from six soybean-allergic adults. The
enzyme allergosorbent test (EAST) revealed that three among
the six sera reacted with four among the six soy lecithins tested.
The same lecithins were found to contain residual proteins. Two
lecithins with protein content of less than 20 ppb did not bind
IgE. EAST inhibition showed that the allergens found in soy
lecithin were more immunologically related to allergens from
heat treated soybeans than to those from raw soybeans. IgE-
immunoblotting of the protein extract from these lecithins iden-
tified various allergens with molecular weights between 14 kDa
and 94 kDa. A prominent allergen band of 39 kDa was identi-
fied as the acidic subunit of soy glycinin. Another, 25-28 kDa
protein was identified, but was not further characterized. Re-
cently, Gu et al.3? by using sera from soy-sensitive individuals
revealed IgE-binding proteins in soybean lecithin with bands
corresponding to 7, 12, 20, 39, and 57 kDa. The 12 kDa band
was identified as a methionine-rich protein and a member of the
2S albumin class of soy proteins. The 20 kDa band was found
to be the Kunitz trypsin inhibitor. The authors considered the
39 kDa band as a newly identified soybean IgE-binding protein
with unknown function.
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CROSS-REACTIVITY OF SOYBEAN ALLERGENS

IgE-mediated allergy to soy products might be the result of
primary sensitization but could also result from cross-reactivity
to a variety of legumes. A comparison of IgE immunoblots to
soybean extracts with common legumes showed that soybean
extracts shared several common as well as unique allergenic
proteins with other members of the legume family.!%-83

Cross-Reactive Allergens

Extensive in vitro cross-reactivity has been demonstrated
among different legumes. As early as 1971, Fries,3* by using
a skin test on 30 atopic children with suspected soybean allergy,
showed that 90% of patients were sensitive to soybean, 90% to
peanut, 80% to green pea, 53% to lima pea, and 43% to string
bean. Later on, Bernhisel-Broadbent and Sampson® reported
that among 69 legume-sensitive patients, 43% showed sensitiv-
ity to soybean, 87% to peanut, 22% to green bean, and 26%
to pea. Similarly, Eigenmann et al.% showed that the removal
of soy-binding antibodies, by antigen-affinity chromatography,
from the serum of a patient allergic to peanut and soy, resulted
in 73% reduction of IgE-binding to peanut allergens.

The immuno-observed cross-reactivity between soybean and
peanut has been confirmed by Beardslee et al.* and Xiang
et al.,3 who showed that IgE-binding epitopes of glycinin G1
and G2 acidic chains were homologous to IgE-binding epitopes
of the peanut allergen Ara h 3.>* The position of these IgE-
binding epitopes in the secondary and tertiary structures of soy-
bean and peanut seed storage proteins suggests that this portion
of the protein molecules may represent a particularly allergenic
domain among the legume family.>*>2—>*

The clinical significance of cross-reactivities between
legumes is, however, still unclear.85-%7 Reported clinical co-
reactivity rates in peanut allergics for soy are low and range
only from 1-6.5% in placebo controlled studies.®® Foucard and
Malmheden Yman,'? however, warn that soybean proteins might
be underestimated as a cause of severe allergic response in the
general population of peanut allergic patients.

The homology between soybean seed storage proteins and
respective peanut allergens could be the basis for the develop-
ment of new therapeutic intervention strategies for peanut al-
lergy. In their recent study, Ponset et al.® successfully used soy
immunotherapy (administration of specific doses of soybean)
to desensitize/downregulate peanut-specific response in peanut-
allergic mice. Cross-reactivities between soy and peanut will
continue to represent an important clinical and therapeutic chal-
lenge, as both share common antigens,*>>* and both are widely
used in food product formulations.?”

Cross-reactivity between soybean profilin (Gly m 3) and the
well-characterized birch profilin Bet v 2 has been studied by
Rihs et al.%> The two profilins are known to have 73% homol-
ogy in their amino acid sequences and results show that rGly m3
and rBet v 2 share similar IgE-binding epitopes, with both these

epitopes existing as discontinuous forms. Kleine-Tebbe et al.®*
also demonstrated cross-reaction between Bet v 1, another ma-
jor birch pollen allergen and PR-10 soy protein SAM22. Pa-
tients with birch pollen allergy developed immediate-type aller-
gic symptoms after ingesting food items containing soy protein.

Perhaps the most interesting of soy allergy cross-reactivities
is the one with milk proteins. Several authors have reported
co-existing clinical soy allergies in patients with cow’s milk al-
lergies, ranging from 5%° in a prospective study to around 50%
in a selected group of patients with cows’ milk enterocolitis.”!
Based on a positive RAST/skin test and open or DBPCFC,
Cantani and Lucenti®? also reported a 3-4% incidence of soy
protein formula allergies in cows’ milk allergic children given
soy protein formulae. It is unclear whether soy allergy in these
children represents a de novo sensitisation or a cross-reaction
of a soy protein component with caseins from milk.”> A 30-kD
component from soybean that cross-reacted with cow’s milk ca-
seins was isolated and partially sequenced. It was found to be
constituted of two polypeptides (A5 and B3) linked by a disul-
phide bond. The protein’s capacity to bind to the cow’s milk
specific polyclonal antiserum and casein specific monoclonal
antibodies relied on the B3 poly-peptide.”

Detailed structural and molecular studies of most of the cross-
reactive allergens and their epitopes mapping are missing; this is
a prerequisite for a full understanding of the observed immune
cross-reactivity of the different food allergens.

Unique Soy Allergens

As compared to cross-reacting allergens, few studies have
been aimed at identifying unique soybean antigenic fractions.
Herian et al.,¥ in the course of studying soy and peanut cross-
reactivity, found a strong IgE-binding to a soybean protein with
a MW of 20 kDa from sera of individuals allergic to soybeans
but not to peanuts. Helm et al.,’% later on extended these obser-
vations. By using serum IgE from 7 clinical soybean sensitive
individuals, they demonstrated that the 22 kDa proteins, which
bound to these IgE were the basic chains from glycinin subunits.
Similarly, Eigenmann et al.,®® by removing cross-reacting anti-
bodies to soy and peanut from sera of patients allergic to both
legumes, identified two unique allergenic fractions from soybean
extracts that had an apparent molecular weight of approximately
46 and 21 kDa.

Although these soy allergens are currently being defined as
unique, it is important to mention that the fact that they do not
cross-react with a known allergen source does not rule out their
potential cross reactivities to other sources.

STRUCTURAL AND BIOLOGICAL STUDIES
OF SOYBEAN ALLERGENS

Allergenicity of proteins is due to numerous molecular im-
munoreactive structures (i.e. the IgE-binding epitopes), that are
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widespread within the protein molecule. Depending on their
structure, two kinds of epitopes are described. Some are linear
because they are formed by a sequence of amino acid residues
on the peptide chain of the protein. Other epitopes are confor-
mational because they are associated with the secondary and
tertiary structure of the protein. Characterization of epitopes,
particularly IgE-binding epitopes, is necessary to help under-
stand the correlation between the structure and physicochemical
properties of a protein and its allergenicity. To date, no partic-
ular structure can be described as being solely and intrinsically
allergenic. Different allergens may share similar sequence ho-
mologies and/or structural features or common epitopes. These
homologies are mostly responsible for cross-reactions and usu-
ally occur in related molecular species of the same family. They
involve common, highly conserved structures, which generally
correspond to important biological activities and functions that
are vital for the plant. They may also, however, be present among
apparently unrelated proteins.”* Just like other plant food aller-
gens, most of the known soybean allergens have a metabolic,
storage, or protective function.® They belong to protein families
which have conserved structural features in relation with their
biological activity.

Glycinin (11S) and B-conglycinin (7S), for example are both
storage proteins known as globulins, which belong to the cupin
superfamily.” The 3D structure of proglycinin from soybean (a
glycinin precursor) has been determined by X-ray studies.”®—%%
The crystal structure of soybean S-conglycinin has also been de-
termined by Maruyama et al.”° Both glycinin and 8-conglycinin
were shown to share conserved sequence motifs comprising
identical or chemically similar amino acid residues and a com-
mon 3D conformation. This tertiary structure called 8 barrel
structure is made up of series of anti-parallel S sheets associ-
ated with « helices which form a cavity (a cup, from where the
term Cupin was given) comprising a binding site for hydropho-
bic ligands.!? Interestingly, it has been also reported that many
allergens of animal origin share this 8 barrel structure which is a
characteristic of the lipocalin family involved in the transport of
hydrophobic ligands (e.g. milk S-lactoglobulin). Other impor-
tant allergens from the Cupin superfamily are the Ara h 1 and
Ara h 3 from peanuts and Cor a 9 from hazelnuts.”

The soybean hydrophobic proteins (Gly m 1.0101 and Gly
m 1.0102) are lipid transfer proteins (LTPs), which are named
for their ability to transfer phospholipids from liposomes to
mitochondria.** LTPs are made up of low molecular weight
monomeric proteins (around 7-9 kDa), that take part in plant de-
fence because of their antibacterial and anti-fungal activities.'’!
These lipid transfer proteins have common structural features
also shared by other members of the Prolamin super family.
They have high amino acid sequence homologies and conserved
motifs of cysteine residues involved in disulphide bonds. They
have a very compact and stable tertiary structure made of as-
sociations of « helices and loops stabilized by eight disulphide
bonds; this defines a central cavity which contains a lipid bind-
ing site.*>'92 The Prolamin superfamily includes several impor-
tant allergens such as the Brazil nut 2S albumin Ber e 1 and the

sesame allergen Ses i 2, which belong to the storage protein group
of 28 albumin.!® The 2S albumins are also classified within the
prolamin super family (LTP), because of the conserved similar
3D structure rich in o helices.'*

The Kunitz trypsin inhibitor belongs to the group of pro-
teins of the plant defence system, which has inhibitory activity
against various proteases, such as serine, thiol, and aspartic pro-
teases. Like all members with inhibitory activity it contains two
disulfide bridges. Allergens from the Kunitz family of trypsin
inhibitors are present in a range of legume species, ' but the soy-
bean Kunitz trypsin inhibitor is the most characterized. Its pri-
mary and tertiary structures have been determined.'%~1% Based
on circular dichroism (CD) spectra, soybean KT has been classi-
fied in the family of anti-parallel S-sheet proteins that are highly
resistant to chemical and thermal denaturation.'?® Its allergenic
epitopes, however, remain unknown.

Soybean allergens Gly m Bd 30 K and Gly m 4 belong to
two others groups of the plant defence system proteins, the pro-
teases and the pathogenesis-related proteins (PR proteins). Soy-
bean Gly m Bd 30 K/P34 was shown to have sequence similarity
with the papain-like proteases; this protein, however, appears
to have lost its enzymatic activity and adopted an alternative
function as a syringolide receptor.!?’ The PR proteins represent
a collection of 14 unrelated protein families that function as
part of the plant defence system by resisting biotic and abiotic
stress. The homology between many plant food allergens and PR
proteins has been extensively reviewed.”>1%0:119=112 The major
birch pollen allergen Bet v 1 was the first to show sequence ho-
mology to PR-10 family members,''? which in turn was demon-
strated to be homologous to soybean Gly m 4/SAM22.93:64.66 The
3D structure of Gly m 4 has been recently studied using NMR
techniques.®

The soybean allergen Gly m 3 belongs to the profilin family,
which is also a group of structural and metabolic plant proteins
that harbor several allergenic proteins.®> These cytosolic pro-
teins (12 to 15 kDa) are found in all eukaryotic cells. They bind
to monomeric actin and participate in the regulation of polymer-
ization of actin filaments.”> The sequence conservation among
profilins is reflected by highly similar structure and profilin-
specific IgE was shown to cross-react between profilins from
pollen and food.!'* They are now recognized as ubiquitous cross-
reactive plant allergens. The 3D structure of Gly m 3 remains
to be determined; however, epitope mapping with recombinant
profilin indicated that IgE-binding to rGly m 3 was dependent
on the integrity of a conformational structure.®? This could ex-
plain the fact that they are very heat labile and susceptible to
enzymatic degradation and that allergy caused by profilins are
usually confined to the oral allergy syndrome.!!:116

METHODS OF DETECTION OF SOY ALLERGENS

Reliable detection and quantification methods for food al-
lergens are required to ensure compliance with food labelling
regulations and to minimize risks to highly sensitive consumers
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from undeclared allergens in food supply. Detection of aller-
gens in food products can, however, be very difficult, as they are
often present in trace amounts and can be masked by the food
matrix.'!"” This is particularly true for soybean, which is an insid-
ious hidden allergen (eg. pastries, bakery products, infant foods,
sausages, processed meats, hamburgers, and dairy products).
To date, the majority of methods developed to detect soybeans
in food products are based on immunochemical assays.!!8~127
These protein based methods have, however, been found to be
lacking in sensitivity and are not sufficiently adequate to en-
sure the safety of food products for soy sensitive individuals.'!”
Presently, three enzyme linked immunosorbent assay (ELISA)
kits for soybean are available commercially. The Tepnel BioSys-
tems kit (Elisa Technologies, FL, USA) is a competitive ELISA
that targets renatured soy proteins with a detection limit of
<5000 mg/kg of food product. The second, the ElisaSystems
kit (ELISA Systems, Windsor, Australia), is based on a sand-
wich ELISA and determines the soy KTT in the food sample with
a sensitivity of 1 mg/kg. The third, the Veratox for Soy Flour
Allergen (Neogen Corporation, MI, USA), which has recently
come on the market, is a sandwich ELISA used for the quanti-
tative analysis of minimally processed soy flour protein in food
products such as cookies, crackers, chocolate bars, and cereals
in the range of 2.5 to 25 mg/kg. To date the ELISA technique
has been the preferred approach for allergens detection because
of its high precision, simple handling and good potential for
standarization;'!” however, as with any type of analysis, there
are inherent drawbacks related to food matrix interferences, and
effects of food processing on the targeted immunogens. Alter-
native techniques to ELISA have also been developed. Among
these is immunolocalization by electron microscopy of soy pro-
teins in foods. This technique makes possible the identifica-
tion and the quantification of soy proteins in food matrices by
using immunohistochemical techniques associated with image
analysis.!?® The process confirms the presence of soy directly by
histology, which allows the areas occupied by labelled soy pro-
teins in sections mounted on slides to be measured. The length
of time for analysis and the high cost of equipment are the major
disadvantages of this technique.

Other methods of detection of soy allergens use DNA identi-
fication. These techniques are based on the amplification of spe-
cific DNA fragment by the polymerase chain reaction (PCR).
The presence of the DNA is an indication of the presence of
the allergenic food but not of the allergen itself. The PCR-based
methods have been shown to be reliable, sensitive, and specific
for the detection of allergenic moieties. There is, however, a
lot of controversy over the employment of DNA in the analysis
of allergens, since proteins are the allergenic components and
processing may affect nucleic acids differently.'!”

Alternative methods to ELISA and PCR are presently being
developed for the detection and identification of other major food
allergens (eg. wheat, peanut). These could possibly be applied
in the future to soy. Techniques such as two-dimensional gel
electrophoresis coupled with immunoblotting and mass spec-

troscopy are very promising but are not yet ready for routine
use, 17:129.130

HYPOALLERGENIZATION OF SOYBEAN

Currently, for individuals with food allergy, strict avoidance
of the specific food or protein is the only effective treatment
for preventing food-induced allergic reactions. This can be very
challenging, especially for soybean, which, along with peanut
were found in approximately 6,000 foods, and in most cases
were not labelled on the commodity (Helm et al., 2002).'3!
Since avoidance is difficult, investigations on the hypoallerg-
enization of soybean products are being carried out by several
groups and a variety of methods have been attempted. These
include thermal, enzymatic, and chemical modification of the
allergen, as well as traditional breeding and genetic modifi-
cation of soybeans cultivars. It is difficult, however to ascer-
tain whether the resulting hypoallergenic products are truly hy-
poallergenic. This has been recognized by both the American
Academy of Paediatrics'3? and the European Society for Pae-
diatric Gastroenterology and Nutrition (ESPGAN) Committee
of Nutrition'3® who agree to define a hypoallergenic food as
one that has been shown, with 95% confidence level, to not
cause allergic reactions in 90% of patients who are known to be
allergic to the parent food. At present the potential of a prod-
uct for use as a “hypoallergenic” or “non-allergenic” can only
be determined by clinical trials using scientifically appropriate
standards.'

Thermal Treatment

Shibasaki et al.!*3 examined the effect of heat treatment at
80°C, 100°C, and 120°C on the crude soybean fraction and its
effect on IgE binding. Their results showed that the IgE binding
of 25 faction was enhanced with heating at 80°C, whereas, the
IgE binding to other fractions were reduced by 40% to 75% com-
pared to that of the crude product. Similarly, Burks et al.,'3® by
using an ELISA technique, showed that heating crude soybean,
at 100°C, and 120°C for 60 min, significantly decreased IgE
binding for each protein fraction (whey, 7S, and 11S). At 80°C,
the IgE binding of the 7S and 11S was also reduced, except that
of the whey fraction. By using EAST inhibition technique the
same authors, however, reported no significant changes in both
IgE- and IgG-binding after heating soybean up to 100°C."*’ Con-
trasting with these observations, Miiller et al.3! by using RAST
method showed that cooking soybeans at 100°C for 2 h resulted
in maximum inhibition of IgE-binding of 89% for the heated
extract compared to 39% for the raw extract. These contradict-
ing results signify that although heat treatment can significantly
alter protein structure, the nature and extent of such changes
are dependent on the temperature and duration of the thermal
treatment, as well as on the intrinsic characteristics of the pro-
tein and the physicochemical conditions of its environment.'33
Lakemond et al.,'** by studying the effect of heat treatment of
soybean glycinin structure, showed that glycinin heat denatura-
tion varied strongly with pH and ionic strength, and correlated
also, with the glycinin quaternary, tertiary, and secondary struc-
ture before heating.
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In addition to destroying existing epitopes on native
molecules, thermal treatments may also create new allergenic
epitopes, uncovered by the unfolding process resulting from the
heat treatment. These new antigenic sites may no longer be rec-
ognized by antibodies of native proteins. A good example is
provided in the work of Herian et al.> who showed that al-
though roasting soybeans led to largely reduced recognition of
high MW allergens by IgE from patients allergic to both soybean
and peanut, it strongly enhanced binding of IgE to the low MW
allergens in patients sensitive only to soybean. Similarly, Codina
et al.'* demonstrated an increase in allergenicity when soybean
hull proteins were thermally treated. Their results showed two
new IgE-binding proteins (10 and 15.3 kDa) that were possibly
generated or revealed as a result of the conformational changes.

Enzymatic Hydrolysis

Hydrolysis has been generally recognized to reduce the anti-
genicity of proteins.'*! Good examples can be found with tra-
ditional fermented soy products, such as miso, tempeh, natto,
shoyu, and tamari that have all been shown, by RAST to be less
allergenic than raw soybeans.'#?'*> Yamanishi et al.!** treated
autoclaved soybean grain with secretory protease from Bacillus
subtilis at conditions similar to those of a natto fermentation
procedure. The proteins of the enzyme-treated soybean were hy-
drolyzed into peptides of molecular weight of less than 10 kDa
and the product showed no binding activity with soy-sensitive
human sera and monoclonal antibodies against Gly m Bd 30 K.
Similarly, the same group of researchers treated soybean with
8 different proteases (Newlase F form Rhizopus niveus; Pan-
creatinin from porcine pancreas; Protease N, Protease S and
Proleather P from Bacillus subtilis; Protease A and Protease
M from Aspergillus oryzae; and Protease P from Aspergillus
melleus). Their results showed that both antigenicity to the Gly
m Bd 30 K monoclonal antibody and the allergenicity to the sera
of soy sensitive patients were markedly decreased by processing
with all proteases. Two out of the eight proteases (Proleather and
Protease N) were very effective.'* Tumura et al.'*® selectively,
used a Bacillus protease (Proleather FG-F) to hydrolyze both Gly
mBd 30 K and B-conglycinin, but not glycinin. The key point for
the selective hydrolysis was based on the different denaturation
temperatures between -conglycinin and glycinin at neutral pH.
The digestion of denatured soybean proteins by proteases pro-
ceeded more rapidly at 70°C. The resultant product was proven
to lose its reactivity against the monoclonal antibody specific
to these two allergens and sera of soybean-sensitive individu-
als. More recently, a fermentation process of steamed soybeans,
using a combination of three microorganisms (Lactococcus lac-
tis, Aspergillus oryzae and Bacillus subtilis) resulted in a soy-
bean product with amino acids and polypeptides of less than
10 kDa. These degraded proteins were tested against a serum of
a soybean-sensitive patient and no antigenicity was detected.'#’
It is noteworthy that most reported fermentation processes used
toreduce soybean allergenicity combine a preliminary heat treat-

ment step, such as autoclaving and steaming, which consid-
erably improved proteolysis of soybean allergens.'**!47 Hy-
drolyzed products vary in their residual allergenicity, and this
apparently depends upon the extent of hydrolysis.'*! Selective
destruction of epitopes has been observed with a proportion of
soybean allergens still maintaining their native configuration af-
ter certain treatments.3% 142 This could be explained by the fact
that, although, proteolysis could destroy some epitopes, par-
ticularly conformational epitopes, it could also unmask linear
epitopes that were buried within the three-dimensional native
structure and/or located in hydrophobic domains of the pro-
tein; these become available for IgE-binding upon hydrolysis. 47
The above observations confirm, once again, that it is crucial to
know the structural characteristics of the allergen to be able
to specifically and efficiently use proteases to decrease their
immunogenicity.

It is rather difficult to affirm if any of these hydrolyzed soy-
bean products are safe for the larger population of soybean-
allergenic individuals as the majority of them are tested against
only one or few specific known soybean allergen antibodies or
soybean-sensitive sera. In many of these tests, no skin or oral
challenges are carried out to ensure that these products do not
elicit positive responses in sensitised patients. Skin prick tests
have been considered to be a suitable method for determining
the residual allergenicity of hydrolyzed products.'*’ They can
also be important tools for differentiating antigenicity and al-
lergenicity of proteins. In their study, Tsai et al.'*! used skin
prick tests, western blots and ELISA to determine the residual
allergenicity of soybean hydrolysates. Their results showed no
evidence of IgE specific binding with both skin tests and west-
ern blots. However, some residual IgG binding was detected by
ELISA. Since there is no absolute proof that any substance is
completely nonallergenic, they could only conclude that the hy-
drolyzed soybean proteins were safe for individuals sensitized
to the native soybean proteins. Concerns, however, exist over the
use of skin prick tests, as some believe that the test itself could
induce sensitization.

Chemical Modification

Several reports describe reduction of soybean allergenicity
by allergen conjugation with polysaccharides.!*~!33 Babiker
et al.">? developed a method, where soybean allergen Gly m Bd
30 K was attached with a galactomannan preparation (a group
of mannase hydrolysate containing polysaccharides of average
MW of 15 kDa) through spontaneous Maillard reactions be-
tween the e-amino groups of the protein and the reducing end of
the carbonyl group in the polysaccharide. The reactivity of the
soy P34 protein-galactomannan conjugate to rabbit polyclonal,
Gly m Bd 30 K-monoclonal antibodies, and human soybean-
allergic sera was completely diminished. The galactomannan
conjugation was found to be more effective at reducing the al-
lergencity of P34 protein than chymotrypsin treatment (hydrol-
ysis) and transglutaminase cross-linkage.'! The latter, has been



£00z Arenugad Tz 95:0Z v [enues jo simnsu| psoueapy] :Ag pspeojumog

138 L. HOCINE AND JOYCE I. BOYE

reported to be a useful means of reducing allergenicity of some
food proteins.'>*

The method of polysaccharide attachment to proteins (ie.
natural Maillard reaction vs. genetic attachment of polysac-
charide) on the allergenicity of soybean protein has also been
examined.'”? Allergenicity of the P34 soy protein was quanti-
fied by measuring the amount of IgE and IgG produced, using
mice immunized with the protein-polysaccharide conjugate or
native proteins. The results indicated that the genetic attachment
of polysaccharide using a yeast expression system was very ef-
ficient in decreasing both IgE and IgG levels compared to the
Maillard-type polysaccharide attachment, which showed a de-
crease of 70% in the level of IgE, but a significant increase in
the level of IgG to 125%. This finding supports the notion that
the stimulation of IgG antibody responses is a reflection of pro-
tein immunogenicity, whereas protein allergenicity is associated
with induction of strong IgE responses.!? More recently, Usui
et al.!> used chitosan (natural and partially deacetylated poly-
mer of N-acetyl glucosamine prepared from chitin) as another
polysaccharide for the formation of protein-polysaccharide con-
jugate. Their results showed that soybean protein conjugation
with chitosan was more effective at reducing soybean aller-
genicity than that with galactomannan. Using western blotting,
the band of the soy allergen (Gly m Bd 30 K) immunoblotted
with monoclonal antibody completely disappeared. The most
likely explanation for the decreased allergenicity of conjugated
proteins is the masking of the allergen epitopes, which then be-
comes unavailable to the immune system. Polysaccharide conju-
gation, which results in the formation of high molecular weight
proteinaceous components, may on the other hand change the
processing and functional properties of the modified protein. In
the case of soy protein-conjugation with galactomannan, some
beneficial effects have been reported, such as improved heat sta-
bility and emulsifying properties,'>* which could be of interest to
the food processing industry. Similarly the soy protein-chitosan
conjugate exhibited enhanced antimicrobial activity and high
emulsifying properties, which are also of potential interest to
both the pharmaceutical and food industries.!>3

Breeding and Genetic Modification

In the last two decades, various soybean mutant genes which
control the production of enzymes, allergenic proteins, and
storage proteins have been identified in the world soybean
germplasm.'> As a result, breeding and mutagenesis have both
been presented as technologies that have the potential to re-
duce soybean allergenicity. Examples of this include the devel-
opment of the soybean cultivar ((Kunitz)) (Illinois Agriculture
Experiment Station) lacking the Kunitz soybean inhibitor'>® and
the cultivar Tohuku 124 (Tohoku National Agriculture Exper-
iment Station) lacking three of the known allergenic soybean
proteins, the & and &’ subunits of S-conglycinin, and the Gly m
Bd 28 K.17158 The removal rate of these allergens was 99.8,
100, and 100%, respectively. The soybean Tohuku 124, how-

ever, still contained the normal level of Gly m Bd 30 K. Another
example is the wild cultivar, named QT,, that was found by
Kyushu National Agriculture Experiment Station, and which
lacked all of B-conglycinin.!> By back-crossing this QT line
with Fukuyutaka, which contains only glycinin as storage pro-
tein and which lacks o, and § subunits of S-conglycinin, as well
as Gly m Bd 28 K, a new hypoallergenic variety, named Kyu-kei
305, was developed.'®

Breeding and conventional mutagenesis, although quite suc-
cessful with some major soybean allergens, have not yet been
able to remove the dominant allergen Gly m Bd 30 K. Helm
et al.'®! have reported that a single-site amino acid substitution
of the IgE-binding epitopes of Gly m Bd 30 K with alanine re-
sulted in the reduction of its IgE-binding activity. More recently,
Herman et al.'%? used recombinant techniques to eliminate Gly
m Bd 30 K by down-regulating the expression of the gene that
encodes it (gene knockout). The resultant transgenic soybean
lacked any detectable Gly m Bd 30 K, as assayed by both a spe-
cific monoclonal antibody and cross-reactivity with IgE from
soybean-sensitive persons and was also reported to be otherwise
unchanged by the removal of this allergenic protein. Recently,
Kinney and Jung!®® patented a hypoallergenic transgenic soy-
bean and recombinant expression constructs technique to lower
the P34, as well as other allergens. Soybean protein products
made from these hypoallergenic soybeans were claimed to be
substantially free of Gly m Bd 30 K, Gly m Bd 28 K, «-subunit
of B-conglycinin, soybean Kunitz trypsin inhibitor, Gly m 2, Gly
m 1.0101, Gly m 1.0102, rGly m 3 and glycinin G1.

Although, it seems possible to reduce or remove some of
the known soybean allergens with cross-breeding and genetic
engineering, it will be difficult to remove them all (eg. glycinin,
profilin (Gly m 4) without impairing the structural composition
and physiological development of the seeds, which might in turn,
have negative consequences on the nutritional and functional
properties of soybean. It would also be necessary to ensure that
resulting cultivars do not amplify alternative proteins or express
novel proteins that might be allergenic.!®+165

CONCLUSION

Significant advances have been made in the last two decades
to identify allergenic proteins of soy. The known soybean pro-
teins with allergenic potential are compiled in a database of
allergenic proteins and public access is available at URL: http://
www.allergome.org. Not all of the soy allergens have, however,
been identified and/or clinically confirmed, and only in a few
cases, have the allergenic epitopes been fully characterized. Elu-
cidation of the chemical structure of the allergens as well as the
factors that are responsible for epitope integrity will allow the
development of specific and more efficient technological ap-
proaches to decrease soybean allergenicity. Development of any
such technologies would need to address the impact on nutri-
tional, functional, and sensory quality. A combined approach us-
ing processing and genomics-based technologies may open up
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new avenues to improve the safety of soybeans that could lead
to the development of new products for allergenic individuals.
Issues such as residual and/or possible increased allergenicity of
hypoallergenized soybean and soy products will likely remain
of concern irrespective of the processes used. These issues are
important as they could potentially have grave consequences
for consumers and should be addressed by establishing reliable
standards and methods for risk assessment. Further research is
clearly needed to increase our understanding of food allergenic-
ity, as much still remains unknown. This knowledge will be
critical for the development of safe hypoallergenic products for
sensitized individuals.
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